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--~ Analysis of serum antibodies to periodontopathic microorganisms has become an

integral part of periodontal research. Currently available technology for such analysis is

both time consuming and costly. To allow more widespread use in clinical practice, a

rapid, qualitative test for determining elevated antibody to periodontitis-associated

bacteria was developed. The technique utilizes dot-immunoblotting (DIB) on

nitrocellulose with whole formalinized Actinobacillus actinomycetemcomitans,

Bacteroides gingivalis, and Bacteroides intermedius. To enhance its use in a clinical

environment, systemic antibody status was determined from whole finger-stic- rapillary

blood. An ELISA was used tb compare IgG antibody le els to these microorganisms in
pnriph~ral pillary blood and venous serum from 44 subjects.\Correlation between

serum and capilary !,Yels ranged from r=0.70-0.1c0 (p-.00C, !). Cacii-ar' blcd
antibody levels averaged 550 of those detected in serum (ran,~e: 47-68%). Alkaline

phosphatase, horseradish peroxidase (HRP), glucose oxid and bet.-galactosid,.se
V /

7 /



were tested to determine which enzyme possessed the greatest sensitivity and the

most rapid detection of elevated antibody. HRP with 4- chloro-1-naphthol as a

colorimetric detector was found to have the best potential in this regard. The optimum

concentration of bacterial antigen for distinguishing elevated from normal antibody titers
was: Aa., 2.5 X 107; B.g., 1.0 X 107; and B.i., 1.0 X 106, in a 5-10 ip1 drop of tris-buffered

saline. Subsequently, 34 periodontitis patients were analyzed for serum IgG antibodies

using a quantitative ELISA. The qualitative DIB assay was performed and results

compared in a blind fashion to the EUSA data. Of 12 patients with elevated antibody to
Bg by ELISA, all 12 were positive in the DIB. Similar results for Bi and Aa were 13/13
and 10/12, respectively. Analysis of the DIB and ELISA data revealed a sensitivity of

83-100% and a specificity of 84-90% for these three microorganisms. Similar
experiments were performed for 10 periodontally healthy subjects. These data were

combined with those from the 34 periodontitis patients in order to determine the ability

of the ELISA and the DIB assay to delineate the periodontal status of the patients. With
these three periodontopathogens, 23/34 (sensitivity = 68%) of the periodontitis

patients in this study population were positively identified by the presence of elevated

antibody in the DIB assay. Furthermore, 23/27 (positive predictive value = 85%) of the

subjects with a positive DIB test had perio . The ELISA and DIB were equal in
their ability to delineate periodontal status. A rapid screening assay was developed to

determine elevated systemic antibody leveis to periodontopathic organisms. The DIB

test uses finger-stick capillary blood with results available in less than 2 hours. Using

this DIB assay, subjects can be monitored for a change from normal to elevated

antibody prior to the clinical detection of disease. Additionally, periodontitis patienits

can be positively identified by the presence of elevated antibody which is indicative of a
specific infection and should lead to more directed treatment regime:is. 7w4i r->)---
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I. INTRODUCTION

A. Microbiology of Periodontal Diseases

The role of bacteria in the.etiologyof theperiodontal diseases is well established.

The composition of the subgingival microflora varies greatly between a state of

periodontal health and one of disease. In general, a healthy crevice is populated

primarily by nonmotile rods and cocci(Ustgarten & Hellden 1978). These are

predominantly gram-positive facultative organisms usually of the genera Streptococcus

and Actinomyces (Slots 1977a). A similar microbial composition may be found in
previously diseased sites which have undergone clinically successful periodontal

therapy (Slotset a/. 1979). In chronic gingivitis, gram-negative bacteria constitute

about 45% and anaerobic organisms about 45% of the total recoverable subgingival

flora-(Slots et al. 1978). Predominant isolates include various species ofActinomyces,

Streptococcus,Fusobacterium, and Bacteroides as well as Eikenella corrodens, and

Capnocytophaga gingivalis (Slots et al. 1978, Savitt & Socransky 1984, White &

Mayrand 1981). Acute necrotizing ulcerative gingivitis (ANUG) has been associated

with high proportions of Bacteroides intermedius and Treponema species (Loesche et

al. 1982).

In advanced adult periodontitis lesions, thecultivable subgingival flora is

comprised of approximately 75%-gram-negative and 90% anaerobic organisms (Slots

1977b). Common isolates include Bacteroides gingivalis, B.intermedius, and various

species of Fusobacterium, Wolinella, and non-pigmenting Bacteroides.

Perhaps the strongest association between the presence of a particular

microorganism and diagnosis of a disease state is that between localized juvenile

periodontitis (LJP) and Aactinomycetemcomitans. Theflora of LJP sites contains mainly

gram-negative rods (65%) and anaerobic organisms (Slots 1.976). There is a very high

lesions (generally 90-100-), %vhile the prevalence in periodonta!y healthy sites is quite

low (Slots et al. 1980, Mandell & Socransky 1981,Slots et al. 1982, Eisentnann et al.

1983, Slots & Rosling 1983, Zambon et al. 1983a, Mandell 1984, Kornman &

' .:-brr't.a 1)35, AZ-L' In ?t iL I $ .\sc.: , tn J zI , ... Y-un. 'z 2du!ts %
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-generalized advanced periodontal destruction have very high levels of B.&ingivalis as
well as often elevated proportions of Aactinomycetemcomitans (Tanner et al. 1979).

Three serotypes of Aactinomycetemcomitans have-been detected in the pocket flora.

Patients with LJP have serotype b twice as often as either serotype a or c (Zambon et

al. 1983b). This suggests a high periodontopathic potential of serotype b. Indeed, it

has been- shown that more Aactinornycetemcomitans serotype b strains produce
leukotoxin than do serotype a or c strains (Zambon et al. 1983c).

Much attention has been focused in recent years on the microbial flora

associated with advancing, progressive, or "actively destructive" periodontal lesions.

While Aactinomycetemcomitans appears tobe a primary pathogen in rapidly

advancing periodontitis in young individuals, B.gingivalis has been strongly implicated
in rapidly progressing periodontitis in adults (Tanner et al. 1979). In recent studies of

the flora associated with treated and untreatedperiodontal lesionswhich continued to

show progressive destruction, Aactinomycetemcomitans, B.gingivalis, and

B.intermedius, either alone or in combination, appeared ir, 99% of progressive-,b ons

but in only 40% of non-progressive sites (Slots 1986, Slots et al. 1986). B.gingivalis was

found in 42% of progressing sites and formed 31% of the cultivable flora, while

B.gingivalis was seen in only 6% of non-progressive sites and formed only 0.3% of the

flora. Aactinomycetemcomitans was found in 50% of progressive-sites and constituted

0.5% of the flora, while this organism was found in only 5% of non-progressive sites
with a median -recovery of 0.3%. B.intermedius was seen in 58% of progressing lesions

with-a recovery of 5% of the flora,.although this~bacteria was seen in 36% of

non-progressing sites with a median recovery of only 0.5%. It was determined that the

presence of these three organisms above certain threshold levels could distinguish

between progressive and non-progressive-lesions of adult periOdontitis with a

sensitivity of 87% and specificity of 84%-(Bragd et al, 1987). Thus, while

ovledng .condrl vr.,tvtveen-lndwithm-nant, rprnt lit-rittle.

re,,vals a significant degree of bacterial specificity in destructi e pericdontal diseases.

Significantly, A.actinomycetemcomitans, B.gingivahis, and B.inter:nedius appear to be

prominently associated with these diseases. 1his is, of course, not to exclude the
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potential importance of other organisms in the pathogenesis of periodontal diseases

including E.corrodens and various species of Capnocytophaga, Wolinella, and,

Fusobacterium among others.

B. Host Responses in Periodontal Disease

In the pathogenesis of periodontal disease, there exists a delicate balance

between host defense mechanisms and various-virulence factors expressed'by tr*e9.

organisms. 'Numerous studies have attempted to elucidate the role of cell-mediated
and humoral immune responses inthe pathogenesis of periodontal diseases.. Ivanyi &

Lehner (1970) and Ivanyi etat. (1972)"found that plaque-derived organisms stimulated

increased lymphocyte transformation in patients with periodontal disease while control

organisms did not. Using an experimental gingivitis model (toe et al. 1965), Lehner et

al. (1974a) evaluated the.cell-mediated and humoral -responses to.pia _,,qrived

antigens. They found abi-phasic response with paak lymphocyte stimulation at 14

and 28 daysfollowed by a decreased response and return tobaseline after resumption

oforal hygiene. The4results-of this study and others suggested an-initial cell- mediated

response:of-relatively short duration.

Evidence suggests that gingivitis is primarily associated- it.n T-lymphocytes while

periodontitis is associated with activation of B-lymphocytes (Mackler et 1. 1977,

1978a, 1978b, Seymour & Greenspan 1979; Daly etal. 1983). Seymour et at. (1 979a,

1979b) proposed-that the shift-from a T-cell.to a B-cell lesion-might be used as-an

indicator of progression from gingivitis to destructive.periodontitis. This was an

important early attempt to use immunologic markers as indicators of periodontal

disease progression. However, Page & Schroeder (1981) determined that there was

no correlation between initiation of destructive periodontitis and conversion frorn.a

T-cell toa B-celliesion. Indeed, the lesion of"established" gingivitis, which does not

exhibit attachment loss or-bone destruction, is-predominated by B-lymphocytes and

plasma celis rather than T-iyrnihocytes (Page-& Schroeder U976).

It is incorrect to consider a particular stage of disease as either a "T-ceil" or

"B-cell" lesion. In fact, there is extensive interplay between the T cell and B-cell arms

of NO immune r,";ponse to plaque-derieu _ntigens (Lehner 1982). Taubman et
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a/.(1984) proposed that T-cells have a regulatory function in the pathogenesis of

periodontal destruction via modulation of the B-cell response. Rats lacking in

T-lymphocytes demonstrated increased bone loss after infection with

Aactinomycetemcomitans. When T-lymphocytes were returned to these. animals,

increased B-lymphocyte proliferation and IgG production with a concomitant decrease

in bone loss was seen. Miller et at. (1978) also demonstrated that T-lymphocytes

were needed for maximal stimulation of human B-lymphocytes. Carpenter et al.

(1984) showed that lgG and IgM production decreased significantly in vivo when

T-cells were depleted from the lymphocyte population. As increasing numbers of

T-cells were returned to cultures, the level of IgG and IgM production likewise

increased.

The cell-mediated response to oral microorganisms may vary considerably

between individuals. Stashenko et al. (1983) found that overall, T-cells from healthy

and periodontally diseased patients proliferated equally, well in response to a number

of oral bacteria. However, theb subjects individually showed, diffeing reponses, Low

responders demonstrated increased signs of-periodontal inflammation relative to high

responders, indicating that patients mayrespond differently to the same antigenic

challenge. Stashenko et at (1985) also found low absolute numbers of lymphocytes

and T-cells with decreased T-helper/T-suppressor ratios in low responders relative to

medium and high responders. Since patients with low T-helper/T-suppressor ratios

hadgreater tissue inflammation, the authors conclude that the T-helperresponse may

be important in limiting bacterial-induced inflammation.

Controversy exists as to the relative importance of polyclonal versus monoclonal

(specific) B-lymphocyte responses in periodontal disease. Bick et at (1981)

demonstrated polyclonal stimulation of human peripheral blood lymphocytes in

response to plaque-derived antigens/mitogens. Donaldson et al. (1982) used

lymphocytes from patients exhibiting periodontal health, juenile pe.;odontitis,

moderate adult periodontitis, and se\,ere adultperiodontitis. They found a similar

frequency and intensity of response in all groups. Suzuki et al. (1984a) confirmed the
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similarity in polyclonal response of peripheral blood lymphocytes from periodontally

healthy and diseased subjects to known mitogens and periodontal pathogens. Thus,

polyclonal lymphocyte responses to plaque-derived antigens/mitogens may not be

indicative of the relative state of periodontalhealth.

C. Alterations in Serum Antibody Response in Different Disease Categories

One of the first reports to relate the presence of-gram-negative anaerobic

organisms in the oral cavity to the presence of elevated serum antibody specific to

these organisms was that of Evans etal. (1966). They reported elevated'serum

antibody levelsto Fusobacterium polymorphum in patients with. severe adult

periodontitis compared to normal adult sera.

The possibility that patients with LJP may have an altered immune response was

first suggested in a report by Lehner et al. (1974b) in which total serum IgG, IgM, and

IgA concentrations were significantly elevated'in LP and-post-LP patients compared to

the levels in normal-subjects. This elevation in total serum immunoglobUlin

concentration has also been seen in patients with the generalizedform ofjuvenile

periodontitis (Kaslick et aL 1980), although another report, showed no elevation in IgM

or IgA in these patients, with some-elevation of total~lgG (Rahney et'aL. 1981)'. Murray

& Genco (1980) found mean total serum IgG levels in IJP patients 25 times greater

thanmmean titers of healthy patients. A number of studies support the findingthat IgG

is also the major immunoglobulin produced locally in LiP (Van Swol et aL 1980,

Waldrop et al. 1981, Gebhard et-aL 1982).

Numerous stUdies have demonstrated a markedly increased prevalence and

level of systemic antibody specific for-Aactinomycetemcomitans in LiP patients

compared to all other forms of periodontal disease or health IGenco & Slots 1984).

Ebersole et al. (1980a) found elevated antibodyievels to Aactinomycetemcomitans

strain Y4 in 74% of patients with LUP compared to 27% of those with the generalized

form ofjuveniie periouonitis an-d i6 oof tnose with adult periudonttis. Con'ersely,

patients %vho %,,ere edentulous, periodontally healthy, or ,,ho had acute .ecrotizing

ulcerative gingivitis (ANUG) demonstrated minimal antibody acti-,ty to this organism.

Gericoet al. (1980a,b) found 3E-70% of IJP patients had antibody to
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Aactinomycetemqomitans compared to only 8-20% of patients diagnosed as healthy,

adult periodontitis, generalized juvenile periodontitis, ANUG, post-LJP, or edentulous.

Altman et at. (1 982) found-elevated serum antibody to this organism in 70% of LiP

patients compared to 19% and 29% of-those with adult periodontitis and rapidly

progressive periodontitis respectively. Ebersole et,aL. (1982a) and Taubman et at.

(1982) demonstrated not only an increased prevalence of serum antibody to

Aactinomyetemcomitans, but also a~significantly increased level of antibody in LP

patients compared to all other forms of disease or health. In fact, Ebersole etat.

(1 982a)' concluded that the serum-ntibody response to Aactinomycetemcomitans

could be used to differentiate LJP patients from all other groups.

Certain strains of Aactinomycetemcomitans are known to produce a leukotoxin

which destroys human polymorphonuclear leukocytes and monocytes (Tsai et at.

1979). Ustgarten et a/. (1981) found elevated serum antibody to three

leukotoxin-producing strains of Aactinomycetemcomitans (Y4, ATCC 29522, ATCC

29524) in patients with LP relative toihealthy and adult periodontitis subjects.

Elevated antibody specific for the noh-feukotoxin-producing strain (ATCC 29523) was

not detected in any ofthe-groups. Baehni et at (979) evaluated the effects ofsera

from patients with juvenile and adult periodontitis, ANUG, and periodontal health on

the leukotoxic activity of Aactinomycetemcomitans strain Y4. They found that 91% of

juvenile periodontitis sera neutralized the leukotoxic activity compared to 24% of

normal, 39%of adult periodontitis,.,and 38% of ANUG sera. Genco et at. (1980b) found

that.89% of LJP patients possessed antibody which inhibits the leukotoxin compared-to

20-30% of healthy or adult periodontitis subjects. This leukotoxin-neutralizingeffect of

serum from LP patients was recently, confirmed in a study by Kalmar et a! (1987).

The presence of serum antibodies to Aactinomycetemcomitans in LJP patients

has been-correlated to the localization and severity of this-disease process. Ranney-et

a!. (1,982) found antibody specific for this-organismin 77%_of1lP and 4_0% of.

genera!ized juienile periodontitis subjeUts conpared to only 2O of heaithy controls.

When the percent of periodontally inoled teeth vas correlated ,,ith the pfesence of

serum antibqdy, they found that the percent of in,,olked teeth %,,as s;-nificantly lower
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forthose subjects with detectible antibody to the organism than for those without

antibody. That is, the presence of antibody was inversely related to the severity of
periodontal-destruction. Thissuggests a protective role for antiLody to

Aadinomycetemcomitans in the pathogenesis of juvenile periodontitis. Tsai et al.

(1981) demonstrated inhibition of Aactinomycetemcomitans leukotoxic activity from

90% of LIP sera. Conversely, sera from healthy and adult periodontitis subjects lacked

the ability to inh;bit.!eukotoxic activity. The authors suggest that production of

antibody specific for Aactinomycetemcomitans and its leukotoxin early in the disease

process may cause localization and even remission of the disease. If the immune

response is delayed or inadequate, the organism and'its leukotoxin continue to cause

periodontal destruction, leading to a moregeneralized pattern of disease.

Rapidly progressive periodontitis is a form of periodontal disease characterized by

generalized, severe, rapid bone loss in patients between puberty and 35 years of age

(Page et al. 1983). Terms which have been used to describe similar clinical conditions

includeadvanced desiructive periodorititis,(Ebersole et A!. 1982b), severe periodontitis

(Ranney et A!. 1981), andigeneralized juvenile periodontitis (Van Dyke et al. 1982).

Ranney et al. (1981) evaluated total'serum lgG, IgM, and !gA titers-in young adults With
"severe periodontitis". Serum IgM-and IgA leyels did not differ from healthy patients,

althoughigG levelswere higher for severeperiodpntitis patients. However, 8/26

severe pej'iodontitis subjects had abnormally high lgG-iters compared to only 1/24

healthy patients. As mentioned previously, Ranney et A. (1982) found a prevalence of

antibody specific for Aactinomycetemcomitans in generalized juvenile periodontitis

"subjects that was intermediate'between that for LJP and healthy subjects. Ebersole et

al (1980b) evaluated the-lgG and IgM antibody activity specific for-B.gingivalis-in

patients with various forms,of periodontal-disease. They found the highest mean

levels of activity to-B.gingivalis occurred in the patients with generalized juvenile

periodoni~s, Smtlar. ele~vated.ct.tyw3 seen.in adtltperiodont;; patientsw.vhile

healthy patients and those ,ith LJP and AXLG had minimal actity. In addition, the

prevalence of serum antibody to B.gingia.is and B.interrnedus is :ncreased in patients

withrapidly progressive periodontitis compared to health and LJP subjects (Ebersole



et al. 1986). This increased prevalence and 'level of'serum antibody to B.gingivalis has

been confirmed by a numberof authors (Altman et\I,. 1982, Suzuki et al. 1984b,

Taubman-t'aL. 1982). Mouton et al. (1,981) found that patients with generalized

juvenile periodentitis had mean serum IgG levels specific foe B.gingivalis, eight times

higher than the normal population. Within this group of patients, considerabie

variability in antibody response was seen, with some patients having a strong response

while others had minimal response. in addition to B.gingivalis and B.intermedius,

elevated responses to Fusobacterium nucleatum have been seen in patients With

rapidly progressive periodontitis (Suzuki et al. 1984b, Tew et al. 1985). Also, extremely

high serum antibody titers to one or more serotypes of Aactinomycetemcomitans have

been notedin patients with rapidly progressive disease (Genco et al. 1985).

Theserum antibody response in adult periodontitis is more difficult to

characterize than that of juvenile or rapidly progressive periodontitis due to more

significant patient variation. Altman et at. (1982) found elevated antibody to

B.gingi va/is in 71% of adult periodontitis patients, while elevated antibody to

Aaetinomycetmcomitans was present in only 19%. This compares favorably to the

68% prevalence of increased antibody to B.gingivalis ii adult periodontitis shown by

Ebersole et al. (1 980b). Most studies confirm the relatively low prevalence of serum

antibody to Aactinornycetemcomitans in patients with adult periodontitis (Ebersole et

al. 1980a, Genco et at. 1980a, Genco etal. 1985). Likewise, a number of studies have

affirmed an ihcreased prevalence and level of serum antibody specific.for B.gingivalis in

these patients (Ebersole et a. 1986, Taubman et al. 1982, Tolo & Brandtzaeg 1982).

Mouton et al. (1981) found over 50% of adult periodontitis patients had significantly

elevated serum antibodies to B.gingivalis; furthermore. the level of antibody specific for

B.gingivalis was five times greaterin adult periodontitis than in healthy subjects. Naito

et al.. (1984) confirmed the higher prevalence and leve of serum IgG antibodyto

B.gingivais in aduit periodontifis. importanfiy, they dlso foinda signifiant correiation

between the severity of periodontal destruction and the degree of e!eation of

antibody specific to this organism. In addition to B.gingivalis several authors have

'noted an elevation of the serum antibody response to F.nucleatum in patients ,,ith
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adult periodontitis (Naito et a. 1984, Suzuki et al. 1984b).

The microbiota associated with ANUG is characterized by a dramatic increase in

the proportion and numbers of spirochetes (Listgarten 1965). As previously discussed,

Loesche et al (1982) cultured plaque samples from ANUG patients and found a

predominance of B.intermedius and Treponema species. Chung et a. (1983)

demonstrated a two-fold elevation of serum antibody titers to B.intermedius and a

three- to eight-f6ld increase in an tbody to intermediate-sized spirochetes in patients

with ANUGcoinpared to healthy subjects or patients with chronic gingivitis.

Several authors have reported that certain-patients with periodontal disease
respond poorly:to conventional forrms of therapy (Hirschfeld & Wasserman 1978,

'McFall 1982, Goldman-et al. 1986)- In an attempt'to determine possible differences

between these so-called "refractory" patients and those who respond well to therapy,

Haffajee et aL (1988a) studied the clinical, microbiological and immunological features
of 27 patients, including 13 who were refractory to treatment. Four of-the 13
refractory patients had elevated serum antibody levels toF.nucleatum compared' to

only 1/14 non-refractory subjects. In addition, 5/13 refractory patients exhibited an

elevated antibody response to B.intetmedius while none of the non-refractory patients

had an elevated response-to thig organism.

Research performed in the early 1980s has altered the concept of periodontal

destruction as an-ongoing, continuous process. Whilenot proven beyond doubt, it is

now believed that periodontal destruction occurs in bursts of Unknown duration, with,
intervals~of-quiescence between these periods of active disease (Goodson et at. 1982,

Haffajee et a!. 1983, Socransky et al. 1984). Haffajee et.al. (1988b) recently studiedthe

clinical, microbiological and immun6logicalfeatures of 33 subjects with evidence of

active disease. The-most frequently detected subgingival bacteria were F.nucleatum

andStreptococcus intermedius. There wvas considerable variation in organisms

recovered from both active andinactive sites within andbetween patients. Serum

antibody responses to the 18 subgingi,,alorganisms tested also .aried .mong patients.

More than 81% of subjects had an elevated antibody response to at least one

organism. Seeral indiiduals had elevated responses to t,,o or more organisms, while
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one subject showedan elevated response 1:) 5 species. The severity of attachment

loss could not be related to any particu!ar antibody response pattern. Interestingly,

,half of the subjects with active periodontal destruction demonstrated elevated serum

antibody responses to one or more seretypcsofAactin6mycetemcomitans. In this

study, the organisms recovered from subgingiv~l sites in high numbers did not'

necessarily correlate with presence of an elevated antibddy response to that particular

organism. This is-not'surprisingin light of the possibility that the predominant

organism in a particular site may have little or no pathogenic potential. The authors

conclude that "active" periodontal disease isMot a single entity with specific clinical,

,micr.-ological, and'immunological parameters. Rather, multiple distinctive

periodontal diseases are represented in this population of subjects, all of which lay

undergo ptriods of active tissue destruction.

Ebersoleet al. (1 987a) evaluated a group of 13 LJP, rapidly progressive, and adult

periodontiti. patients over a 4.5 year-period. During this time period 12/13 subjects

experienced at least one episode of active periodontal destruction, with 5 patients

having multiple episodes (2-6). Serum antibody studies showed an elevated response

to at least one of the 15 subgingival organisms tested in 11 of 13 subjects, with 7/13

having an elevated response to Aactinomycetemcomnitans, 5/13 to B.gingivalis, 4/13 tto

E.corrodens, and 3/13 to B.intermedius. These results confirm that most patients with

periodontal diseases.exhibitelevated serum antibcdy responses to one or more

proposed periodontal lathogens.

Ebersole et a. (1984a) evaluated the relationship between elevated serum

antib6dylevels, and colonization by the homokogbus organism. The presence of an

organism was related to the presence or absence 6f an-elevated antibod' response to

that organism in 34- pati,,.s with LP, adult periodbntitis, or advanceddestructive

periodontitis. All patients-had elevated serum antibody-to one or inoreof 19

su bgingival-oiganisms.tested. There was an-81 %0agreem-ent bebteen, elevated

antibody -o a species and Je..ction of that organism. These data strongly su.gest that

an elevated systemic antibody response to an-organism reflects infection ,,ith the

species and, subsequent host recogpiton of a speciF~c bacterial.infection. The authors
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conclude that monitoring of the systemic antibody responses may aid in recognition of
potential pathogens-,in periodontal disease.

Genco et a/. (1985) also studied the specifirty of the systemic antibody response
relative to the presence or absence of the samebrganism. They evaluated the
immune response toAactinomycetemcomitans in 6 '1P pAtients to determine if the
antibody specificity reflected the serotype of the organism found in diseased
subgihgival sites. Three of the patients were only infected with-serotype a strains of
Aactinomycetemcomitans while the other three patients were infected with~serotype
b strains. They determined thatsera from subjects infected wlth, rotype a strains

reacted strongly tothe autologous serotype j strains while thbse -infected with
sirotype b had high serum antibody titers to autologous serotypeb strains. This
irdicates that the systemic antibody response to Aactinomycetemcomitans ishighly
specific and is-directed mainly to the serotype antigens on the species strains infecting
each subject. These data provide additional evidence that serum antibody production
results from-infection of the periodontium with a particulir organism.

Ebersole(1987a) performed a similar study in 13 si bjects comparing the
presence of elevatedsystemic antibody and thehomologous microorganism in
disease-active versus disease-inactive intraoral sites. They found that 80% of the
subgingival samples from disease-active sites contained the same organism to which
the subject demonstrated an elevated systemic antibody response, In contrast, only
20% of disease-inactive sites showed a similar relationship. The authors conclude that
the presence of elevated serum antibodies reflect the host immune response to an
infection associated with an episode of disease activity.

A comparable study was performed to evaluate the microfiora associated with
disease-active and disease-inactive sites and to compare these data with the serum
antibody response t,, a batery of 18 oral microorganisms (Ebersole et a!. 1987b).

Thitv~suPatintsuwth-rlai-i'sye~fpro on _tal-diseaseveFre-monitred,

!ongitudinaJiy to a:,sessisease actiity. Subgingival plaque samples ,,ere cultured ]
from active and in-actie sites. Whilemost ofthe species of organisms were cultured,

with :irr larfreouency from acti,,e and ;nactive sites, some species ,,ere isolated

,"I
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primarily from active sites. In particular, Aactinomycetemcomitans, B.gingivalis,

Wolinella recta, E.corrodens, and to a lesser extent B.intermedius were predominantly

associated with disease-active sites. All of the subjects had elevated antibody titers to

at least one of the 18 Organisms tested. The elevated serum antibody response was

found to agree with intraoral colonization by the same organism approximately 85% of

thetime. Furthermore, when an individual exhibited elevated antibody titers to a

particular organism, that organism was found in 55% of disease-active sites, but in only

1B% of disease-inactive, sites. These data indicate that not only does an elevated

systemcrantibody-response indicate oral colonization by particular organisms, but

thcse bacteria are mostfrequently associated with subgingival plaque in sites, of active

disease.

D. Serum Antibody Changes During Periodontal Therapy

In most'of the previously mentioned studies, the systemic immune responses

were examined- in an effort to characterize or categorize periodontal disease patterns.

In contrast, a number of recent studies haveevaluated the serum antibody response

following periodontal therapy. Tolo et at. (1982) obtained'serum samples from 12

patients ,with adult periodontitis before and one year after periodontal surgery with

scaling and root-planing. Before therapy, all 12 diseased patients had elevated IgG

antibody specific for B.gingivalis. Oneyear after treatment, 7 of 12 subjects had~a

significant decrease of 25% or more in antibody titer to this-organism, while the

antibody level in the other 5 patients remained the same. JIn no subjects did the

serum antibody level to B.gingivalis increase after therapy. Except for B.gingivalis, the

majority of the test species showed specific systemic antibody activities within the

normal range both before and after treatment. It is important to note that these

subjects received no maintenance therapy after the first-three months following

surgery.
an. 0. T I c a 1_1_ noa r.I_- '2

periodontitis. Sixteen to 32 months after treatment, s,stemic antibody titers to

".actinomycetemcornitans, B.gingivalis, Cochracea, and Eubacterium saburreum either

de(., cased or remained similar to baseline !evels. In :h;* 1,ludy and in Tolo et al.
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(1982), antibody levels were not analyzed during the first year post-treatment; thus, no

conclusions can be drawn regarding the, dynamics of the antibody response

immediately after therapy.

Ebersole eta/. (1985) evaluated the effects of scaling and root planing on serum

IgG antibodies to a battery of oral microorganisms in 31 subjects classified as either

LiP, adult periodontitis, advanced destructive periodontitis, or periodontally healthy.

The subjects were monitored clinically and immunologically on a bi-monthly basis for

up to 27 months. Nineteen patients exhibited disease activity during the monitoring

periodand subsequently underwent scaling and root planing. The other 12 subjects

received no scaling. Before scaling, 96% of the diseased subjects had an elevated

serum antibQy response to one or more-of the organisms tested. Significant

increases in. , ;Idy levels were noted in 16 of 19 patients shortly after scaling

compared:P,'JO ., 2 of 12 nonscaled subjects. The authors suggest that the treatient

rendered may ,Iave actively immunized the patients with bacteria colonizing the

gingival crevice. In 42% of the cases where an elevation in antibody level to-an

organism was detected before treatment, a significant increase was seen after therapy.

By comparison, increases in antibody levet'post-treatment were demonstrated in only

8% of the cases where pre-treatment levels were normal. The kinetics of the antibody

response differed in treated versus untreated subjects. In untreated patients, the

antibody levels remained relatively constant over the monitoring period. However, in

patients who received scaling and root planing, significant increases in serum antibody

titers were seen, with the response level peaking about 2 to 4 months after therapy.

Furthermore, in subjects who had multiple episodes of. scaling, this increase in

antibody level-to some organisms was seen after each treatment. In general, antibody

levels returned to normal by 8 to 12 months. The post-treatment increase in antibody

level was most frequently directed toward B'gingivalis, B.intermedius, E.corrodens, and

.A.actinomvcetemcomitans, a finding consistent with the high frequency of'tolonization

by these organisms in per:cdontal lesions. In 18 of 19 circumstances, the homologous

species ,,as present in the subgingivai plaque % hen elevated antibody titers v ere

present after treatment. The authors conclude that increased antibody leels after
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treatment were indicative ofa hostresponse to an organism present in the subgingival

flora before scaling. It was noted, however, that organisms could also be detected
Which did not elicit anincreased- antibody response after therapy.

Ebersole et a]. (1987a) later confirmed these results by demonstrating elevation

of systemic antibody levels to one or more organisms in 73% ofsubjects following

scaling and root planing, with a peak titer 3 to 4 months post-treatment. Mouton et al.
(1987) performed similar research specifically directed at B.gingivalis in 11 adult

periodontitis and 9 healthy patients. Of the 11 diseased subjects, 5 had normal
pre-treatment levels of serum IgGahtibody to this organism while 6 had significantly

elevated titers. Following scaling and root planing, patients in the-initially low-reactive

group maintained low levels of antibody to B.gingivalis. In-the initially high-reactive

group, antibody titers demonstrated a progressive decline to 55% of the pTe-treatment

level 5-7 monthsafter treatment and 41% at 1 year post-treatment. However, this

decreased level of antibody to B.gingivalis after 1 year was-still 6 times higher than that

of periodontally healthy patients. In contrast-to Ebersole et al. (1985, 1987a) and in

agreementwith Tolo et al. (1982), these authors concluded that periodontal therapy
does not precipitate increased levels of serum antibody to B.gingivalis. As

acknowledged by Ebersole et al. (1985), not all species will elicit an elevated antibody
response after therapy. Mouton et al. (1987) suggest, that B.gingivalis may be such an

organism.
Vincent et al. (1987) evaluated the serum antibody responses following

,periodontal therapy in subjects with juvenile and rapidly progressive periodontitis and

compared them to periodontally healthy patients. Both juvenile-and rapidly

progressive periodontitis patients demonstrated significantly e!evated pre-treatment

antibody levels to B.gingivalis, A.actinomycetemcomitans, and F.nucleatum.

Immediately following treatment (within one month after surgery), juvenile
periodontitis.subjects-showed a.significant increase in serum antibody titers-lo. these

organisms. Three to fours years after therapy, antibody titers had declined to below

pre-treatment levels; howe,,er, the titers remained significantfl greater than that seen

in healthy subjects. Unlike those ,,ith juvenile periodontitis, rapidly progressie



periodontitis subjects demonstrated no significant difference between pre-treatment

and immediate post-treatment levels. Three to fours years after therapy, these
subjects also displayed a significant decrease in antibody titer specific for B.gingivalis
and F.nucleatum to a level below pre-treatment but significantly greater than healthy
individuals. Antibody levels to Aactinomycetemcomitans were not significantly

different from pre-treatment to 3-4 years post-treatment in rapidly progressive
-periodontitis subjects. Thus, post-treatment systemic antibody responses may be
different in these two periodontal disease catagories.

Aukhil et al. (1988) evaluated serum antibody titers to potential periodontal
pathogens at various intervals in treatment. They noted considerable individual
variability in the magnitude of response to various organisms at different time points.
In general, there was a significant decrease in antibody titers to B.gingiva/is,
B.intermedius, and S.sanguis following scaling and root planing. Furthermore, the

cumulative changes resulted in a significant decrease in titer to almost all organisms
tested by the end of the maintenance phase, two years after scaling androot planing.
Interestingly, for a small percentage of subjects (26%), scaling and root planing was

followed by a significant increase in antibody titers to one or more organisms. It is
important to note that results of studies regarding the effect of periodontal therapy on

systemic antibody responses are difficult to compare directly due to differences in
methodology and-patient populations. It is obvious however, that periodontal therapy
does result in significant alterations in the host systemic immune response.

E. Use of Antibody Determinations

For many infectious diseases, detection of serum antibodies provides significant
diagnostic potential. The-clinical and radiographic features of the periodontal diseases
are often sufficient to make a diagnosis based on commonly used criteria. However, a
number of aids are now available to assist in making difficult'diagnostic decisions

needed clue if diagnostic problems arise (Taubman et aL 1982).

As mentioned preiously, elevations in serum antibody titers to particular

organsms are associated with seer:, of the reriodonual diseases. Ebersole et aL
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(1 982b) attempted to classify the antibody response patte, ns in patients with various

forms of periodontal disease. They found at least seven characteristic responses: I)

elevated antibody to Aactinomycetemcomitans only, II) elevated antibody to

Aactinomycetemcomitans and very low titers (lower than normal population) to

Capnocytophaga sputigena, Ill) high antibody titers to both Aactinomycetemcomitans.

and B.gingivalis, IV) high titers to B.gingivalis only, V) elevated antibody to a single

gram-negative species other than those mentioned, VI) elevated titers to three or

more gram-negative species, and VII) no elevation in antibodytiter to any of the

organisms tested. Nearly 90% of LJP patients fell into catagories I, II, or IlI; that is, they

had elevated titers to Aactinomycetemcomitans, either:alone or in combination with

other distinctive responses. Approximately 58% of subjects with adult periodontitis

had elevated antibody to B.gingivalis (category Ill or IV), while a similar response

pattern was seen in 50% of patients with advanced destructive periodontitis. Greater

than 85% ofperiodontallv healthy subjects were in category VII; i.e., no elevation in

antibody titer to any of the organisms. Only 3% of LJP, 2% of advanced destructive

periodontitis, and 17% of adult periodontitis subjects fell into this category. It is

obvious that there are major variations in systemic antibody responses among

periodontal disease catagories. The authors conclude that the information obtained by

analysis of serum antibody responses could be useful in defining and differentiating

various types of periodontal disease based on -a combination of clinical nd laboratory

data.

In a subsequent study (Ebersole et al. 1984a), an attempt was made to predict,

based on clihical'diseaseparameters and presence or abse.ice of disease activity, into

which antibody categories subjects would fall. In the 35 patients evaluated, there was

a 79% agreement between predicted and actual antibody response patterns,

suggesting an association between the clinical parameters and specific antibody

responses.

Cenco et aL (1983j absessed the- ,alue of serum IgG antibod', deterninations

speciiic for A.actinomycetemcomitins in the diagnosis of LJP. The sensit.ity of their

antibody tests, defined as the number of LJP patients exhibiting a positive test
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compared-to the total number of UP patients tested, was-71%. The-specificity, defined

as the number of non-diseased subjects with a negative test compared to the total

number of non-diseased subjects, was 89%. Thus, 71% of patients diagnosed with LJP

hadan elevated antibody response to Aactinomycetemcomitans. Likewise, only 11%

of periodontally ncrmal individuals showed elevation in antibody response to this

organism, a finding consistent with the 10% level of Aactinomycetemcomitans

infection reported inthis group of normal subjects (Zamboan et al. 1983a). The

predictive value of a positive test, defined as the number of positive tests in LJP

subjects divided by the total number of positive tests, was 86% while the predictive
value ofa negative test (number of negative tests in UP subjects divided by the total

number of negative tests) was 75%. The authors conclude-that when used alone, the

determination of serum IgG antibody specific for A.actinomycetemcomitans is quite
accurate in diagnosing LJP. They further suggest that evaluating serum antibody levels

to this organism may be helpful n-the diagnosis of other forms of
Aactinomycetemcomitans-associated periodontal diseases.

It is well established that LiP tends to occur within certain families (Zambon et a!.

1983a). Zambon et a/. (1983a) proposed that intrafamilial transmission of

Aactinomycetemcomitans may partly explain the familial tendency of this disease.

Determination of serum antibody response to this microorganism has been suggested

asa means of identifying family members at risk for developing the disease. Genco-et

al. (1985) examined serum IgG, IgM, and IgA antibody titers to

Aactinomycetemcomitans in diseased and non-diseased individualsin the same

families. The LJP- affected subjects had .ignificantly greater IgG and IgA antibody titers

than-did non-diseased siblings. Furthermore, the IgG, IgA, and'IgM titers in

LiP-affected siblings were significantly elevated compared to periodontally healthy,.

unrelated subjects. Interestingly, periodontally normal siblings of LJP patients had

sgnifica ntly elevated. IgMaantib.dy titer oAactinoon-

unrelated normal subjects. In fact, the IgNI titers in healthy sibings ,ere almost equal

to the lgM titers in their LUP-affected relatives. Thus, in LJP families, non-diseased

siblings can be distinguished from their diseased relati,,es basedon the lack of
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elevation of IgG and IgA antibodies to Aactinomycetemcomitans in the healthy

individuals. However, the increased IgM titers in non-diseased siblings suggests that

they have indeed been exposed to the organism. The authors propose that the

elevated IgMresponse may precede clinical signs of LJP in these subjects. Thus,

determination of serum antibody responses may help predict future periodontal

destruction. This may lead to frequent periodontal evaluation of these patients and
possibly early intervention in the disease process, thus preventing the rapid

destruction of periodontal support characteristic of LJP (Novak et al. 1988).

Serumantibody studies have been'used to predict the response to periodontal

therapy; that is, to assess the prognosis and alter treatment accordingly. Ebersole et

a/. (1984a) compared the hazard rate (ratio of-the number of sites experiencing active

disease during the monitoring period to the total number of sites at risk) to the

antibody response category (i-VIi) both before and after treatment. When.active
disease was detected, surgical therapy with adjunctive systemic tetracycline was

provided. Patients in categories V and VI (elevated antibody to one gram-negative

species and to three or more species respectively) demonstrated the highest hazard

rates before treatment. After treatment, the hazard rates decreased in all patients;

however, patients who-had elevated antibody titers to three or more gram-negative

organisms. (category VI) responded poorly to therapy and continued to have

post-treatment hazard rates significantly higher than all other subjects. The authors

suggest that categorizing patients into antibody response patterns may provide

important prognostic information and allow design of more effective treatment

modalities for these individuals.

Determinaticn of specific serum antibody titers may be useful in guiding

periodontal therapy. It has been shown that-in 85% of the instances-when elevated

serum antibody to a species is demonstrated, the same organism will be found

plaque from sites exhibiting disease act,,ty (Ebersole et al. 1987b). Thus, rinding

ele\,ated antibody titers to an organism or organisms may lead to treatment jained at

eradication of that species from the subgingival en\ ircnrnent eithcr by mechanical
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treatment, adjunctive antibiotic therapy, or both.
Aukhil et a/. (1988) demonstrated a generalizeddecrease in serum antibody titers

to subgingival bacteria one to two years after periodontal therapy. The authors
suggested that analysis of specific serum antibody titers might be useful in. monitoring
of patients in the maintenr., ne-phase of therapy. Due to the sensitivity of the
anamnestic response, maintenance ofarn immune response-to subgingival organ'sms
should require minimal levels of antigenic stimulation in a patient previously sen.;itized
to that antigen. Thus, in a patient who has-been sensitized to bacteria associa'eelwith
periodontal disease, it is reasonable to expect a rapid rise in serum antibody tite 4f that
organism again appears in significant numbers in the subgingivaltflora. Of course, the
amount of bacteria needed to stimulate such a rise in antibody titer depends on the
relative immunogenicity of the organism. An elevation in antibody level might then
suggest that additional therapy is indicated.

It is thus conceivable that determination of-serum antibody titers to potentially
pathogenic bacteria might be useful throughout diagnosisand treatment Of periodontal
patients. Such antibody-studies may be usedto-aid'in diagnosis of the particular
,disease er~t.ity one encounters. Likewise, these tests might be used to screen relatives
of individuals with LJP or other more rapidly destructive diseases in hopes of
preventing.or minimi'zing periodontal destruction. Antibody analysis could be used to

determine, the therapeutic modalities to-be utilized in treating a particular disease
entity. Determination of specific antibody responses at v;o;0us intervals throughout
_,,e course of periodontal therapy might then suggest alterations'in the planned
treatment. Finally, use of antibody analysis during the maintenance phase of therapy
might-suggest the need for further treatment.

F. Immunologic Assays

Prior to the 1970s,. the most widely accepted assays, employing antibodies and
antigens were immunofluorescence and radio-immunoassay. In immunofluorescenc ,

a fluorescent dye is conjugated to the i.. ibody, while in radio-rmmunoassa , zv

radioactive isotope acts as the label (Voller et al. 1976a). Radio-irnmunoassa is a

highly seniti,.e technique ,,vhich permits precise quantitation of wtihody or antigen in
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a fluid. However, this technique requires complex'equipment and the radioisotopes

may decay quickly. Furthermore, because-of the medical hazards of radiation, the

materials require special handling by highly trained personnel, making this technique

impractical in a clinical setting. Immunofluorescence does not possess the potential

hazards associated with radio-immunoassay. Yet in practice, immunofluorescence is

difficult to quantify for antibody studies because it depends on the subjective visual

assessment of fluorescence. Hence, the results of immunofluorescent analysis are

usually expressed as the serial dilution of serum that produces a predetermined level

of fluorescence. This technique also involves use of specialized equipment, limiting

its clinical applicability.

Engvall & Perlmann (1972) introduced enzyme immunoassays as an alternative
to immunofluorescence and radio-immunoassay. They used polystyrene tubes as a

solid phase to which antigens were adsorbed. The antigen-coated tubes were then

incubated with rabbit antisera. After washing, the tubes were incubated with sheep

anti-rabbit IgG which was conjugated to the enzymealkaline phosphatase. After

excess conjugate was washed out of the tubes, the amount of alkaline phosphatase

bound to the tubeswas determined by using p-nitrophenylphosphate (NPP) as a

substrate. This results in a yellow color change which can then -bemeasured in a

spectrophotometer. The authors recommended incubation times of 6-hours for the

primary antisera and 8 hours for the enzyme-conjugated secondary antibody.

Different carrier surfaces have been used for ELISA including beads, tubes, and

plates. Sepharose beadspeemit covalent linkage of antigen or antibody to the surface,

yet their large-scale use is limited (Volleret al. 1976a). More suitable for large-scale

us" are polyst/rene tubes (Engvall & Perlmann 1972) or-microtiter plates (Ebersole et

al. 1980c). The plates are especially useful because4hey are inexpensive and small

amounts of reagents can be used.

Einz.me .immunoassays havet.bpLen usdin-a. wide variety of ways. Van. Weemen.

& Schuurs (1971) measured human chorionic gonadotopin (HCG) from urine of

'pregnant-and non-pregnant femaies using horseradish peroxidase as an enzymatic

label rather than using radioactive iodine as pre,iousIy done in radio-immunoass.3y,
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They found the enzyme immunoassay to be highly sensitive in detecting HCG and
suggested that'such-as assay might be applied to wide-scale clinical testing of urine
samples. These authors likewise found this assay to be highly sensitive and~specific
for detecting a number of estrogen compounds (Van Weemen & Schuurs 1972).

The ELISA has been used in immunopathology to quantify immunoglobulins
(Engvall & Perlmann 1972, Hoffman 1973). Pesce et al. (1974) used this enzyme
irmunuoassay to measure DNA antibodies in lupus erythematosus. Portsmann et al.
(1985) utilized the technique to detect and quantify alpha-i -fetoprotein.

Enzyme immunoassays have received widespread application in measurement of
antibodies in infectious diseases. Carlsson-et al. (1972) were the first to use an ELISA
in this" manner. They utilized the technique to detect antibodies against 0 antigens
derivedfrom the lipopolysaccharide of Salmonella species. Theauthors found ELISA to
be a highly sensitive and specific method for detecting these antibodies. Importantly,
the ELISA was able to detect IgG and IgM antibodies with equal efficiency. This
differed from previously rused tests in which the sensitivity forlgM antibodies was
10-100 times greater than for IgG. Similar assays have been used for deteding
antibodies to Escherichia coli (Jodal et al. 1974). Voller et a. (1976a) have utilized the
technique in serology studies of syphilis, rubella, encephalitis, herpes-simplex,
measles, cytomegalovirus, and hepatitis B. Voller et al. (1974, 1975) used an ELISA in
an epidemiologic study of malaria. They also applied-ELISA to diagnosis of
toxoplasmosis (Voller et al. 1976b). In general, these studies have shownthat enzyme
immunoassays are equally or more sensitive than previously used serological tests and

are much.easier to perform.

Enzyme immunoassays have been applied extensively to serological studies of
patients with periodontal disease. The previously mentioned studies assessingseeum
antibody levels to oral-bacteria have primarily utilized the ELISA technique. However,
,radionimmunoassavl(Tw et al. 1.985, a'nd-immrunofli iorescence_ ftistgarten.et a/, - _ !

Zambon et al. 1983a) are still in use in some laboratories. Ebersole et al, (1980c)

modified the technique of'Engvall & Perlmann (1972) for use in detecting serum IoG

antibodies to A.actinom cetem'.omitans. .Antigens are placed in polystiyrene microbter
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plates and incubated withexperimental sera for 2 hours. This is followed by
incubation with rabbit anti-human IgG antisera for 2 hours then alkaline
phosphatase-conjugated goat anti-rabbit IgG for 16-18 hours. Addition ofsubstrate
results in a yellow color change which is then measured quantitatively in a

spectrophotometer. In comparing the ELISA to immunofluorescence and passive
hemagglutination, the authors found-the ELISA to be 5-50 times more sensitive in

detecting antibody toAactinomycetemcomitans. The use-of microtiter plates allowed
utilization of small volumes of reagents, making this technique especially useful for
rapid screening of large numbers of human serum samples for antibodies to many
intact bacterial organisms. In addition to lgG antibodies, this technique has been

applied successfully to measurement of IgM (Ebersole et al. 1979) and IgA antibodies
(Ebersole et al. 1978).

The [LISA has also been used in microbiologic analysis of dental plaque samples

in a procedure known as "serologicalzELISA". Ebersole et a1. (1984b) prepared
antibodies to various species of Bacteroides in rabbits and conjugated horseradish

peroxidase to these antibodies. They then placedsuspensions of Bacteroides species
in microtiter plate-s and added the enzyme-conjugated antibodies in an effort to
identify theparticular organisms. The authors found the serological ELISA to be a rapid

and-reproducible means of identifying Bacteroides species. The-technique was able to-
identify the organisms within 2-hours. Furthermore, it was capable of identifying

specific Bacteroides species in mixtures of numerous organisms. More recently, the
serological ELISA'has b4_en expanded-to enable identification of a wide variety of oral
organisms (Ebersole et a/. 1 987b). Thus, the technique is a sensitive and specific
means of identifying bacteria frequently found in the subgingival plaque of patients
with periodontal disease.

G. Use of -Nitrocellulose

In. 1975, Soi ithprn,,revnlitioni7ed. thp stth lv of.,the str ucture-and senquence of

deoxjribonucleic acid (D,,'\) when he introduced the use of ritrocellulose as a solid

phasebinding material in nucleic acid research. Polyacrelamide gel electrophoresis

had been used as a standard tool for analyzing and puriI~ing DNA fragments and
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proteins, yet immobilization of these compounds was not possible. Southern

fractionated DNA-and separated the fragments by electrophoresis in agarose or

polyacrylamide gels. The DNA fragments were then immobilized by blotting them

onto a-sheet of nitrocellulose. The immobilized DNA was analyzed by in situ

hybridization usi :g a radioactive complimentary ribonucleic acid (RNA) label. The

fragments of DNA containing transcribed nucleic acid sequences were detected as

sharp bands by autoradiography.

Kafatos et al. (1979) modified the Southern blotting technique in aprocedure

known as "dot hybridization". Multiple samples of cloned DNA were spotted next to

one another on a sheet of nitrocellulose paper. The nitrocellulose was-then hybridized

with a radioactive probe containing a DNA or RNA mixture possessing complimentary

nucleic acid sequences. Following autoradiography, the extent of hybridization with

each of the DNA spots on the nitrocellulose was evaluated semi-quantitatively by
visual comparison with a standard dilution series of radioactive DNA similarlyspotted

on a sheet of nitrocellulose. This dot hybridization allowed for rapid, convenient

evaluation ofia large number of nucleic acid'sequences in a mixture.

Renartet al. (1979) first reported the transfer of proteins from

polyacrylamide/agarose gels to diazobenzyloxymethyl (DBM) paper in order to

immobilize the proteins. After transfer, specific proteins were detected by

autoradiography using a radioactive label. They found the efficiency of transfer to be

11-16%, with 21-60% of theproteins left in the gel. While this efficiency of transfer

was not outstanding, it was sufficient to allow detection of as little as 100 picograms of

antigen.

Bowen et al. (1980) demonstrated a similar technique using nitrocellulose

instead of DBM paper. They useda radioactively labeled probe to analyze proteins

previously separated on polyacrylamide gels and transferred to nitrocellulose. In

contrast toRenarLeLa. (1.979), these authorswere-able .to successfully transfer 73%. of

the proteins using nitrocellulose.

Landmark research by Towbin et aL (1979) Ifirst demonstrated immunologic

analysis of proteins transferred from polyacr-,lamide gels to nitrocellulose. Proteins
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separated by gel electrophoresis were transferred.to nitrocellulose, resulting in a

replica of the pattern from the gels . This procedureimmobilized the proteins so they

could be examined -immunologically. Some denaturation of proteinsoccurred during

transfer. However, it is now known-that any adverse effect derived from this

denaturation can be minimized by renaturing the proteins with an appropriate

detergent (Wedege et al. 1988). The residual binding capacity of the nitrocellulose

sheets was blocked with bovine serum albumin. This was followed by incubation of

the sheets with an appropriate primary antiserum, then with a secondary antibody

specific for the'first. This second antibody was either radioactively labeled or

conjugated with fluorescein or horseradish peroxidase. The specific proteins being

analyzed could then be identified by autoradiography, by ultraviolet light, or by the

peroxidase reaction product. Theauthors found theradioactively labeled and

peroXidase-conjugated antibodies to be much more sensitive that the

fluorescein-conjugated antibodies. Importantly, they-found the peroxidase technique

to be highly sensitive in detecting very small amounts of antibody in sera of low titer.

The production of monoclonal antibodies has dramatically improved

immunologic procedures (Kohler & Milstein 1975). Hybridization between myeloma,

cells and antibody-secretingcells has become a useful tool for producing-large

quantities of-monoclonal antibodies directed against specific antigens. Sharon et a.

(1979),usk.d nitrocellulose to detect specific monoclonal antibodies secreted by

hybridomas. Nitrocellulose sheets were incubated with specific antigens and then

incubated with antibody-producing hybridomas-growing in agar. If antibodies specific

for these antigens were being produced by the hybridomas, they were easily detected.

-Hawkes et al. (1982) described the use of nitrocellulose for analyzing

antigen-antibody reactions in a technique called "dot-immunoblotting". In this

procedure, a-diluted antigen solution is "dotted" onto a sheet of nitrocellulose and then

incubated-first with. the experimental antibody and then i.th a pero~dase-conJugated

secondary antibody directeJ against the first. After de,,eloping the per\idase, a

positive reaction is detected as a colored dot on the nitrocellulose. These authors

have tested soluble proteins, nucleic acids, membranes, fungi, -viruses, and a number
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of other antigens, all of which have been shown to bind tightly to the nitrocellulose.

They-have used the technique to assay-large numbers of samples for the
presence/absence of monoclonal antibodies. Furthermore, they have used

dot-immuroblotting to-analyze human sera for antibodies to a variety of pathogens,

demonstrating the versatility of the technique as a diagnostic tool. The authors feel

that this procedure has two distinct advantages over enzyme immunoassays that

employ microtiter plates. First, the amount of antigen needed for dot-immunoblotting

is extremely small. A visible dot 0.3mm in diameter was present on the nitrocellulose
with as little as 0.1, pi of sample. Larger volumes of sample simply increases the size of

the-spot. Second, using nitroceilulose -allows one to visualize the color change against

a white background,.making it easier ,to detect positive reactions and -to reject false

positives.
Heberling & Kalter (1986) used a simi lartechnique, whichthey called

"dot-immunobinding", for-rapid detection ofviral antigens and antibodies. They tested

680 human and nonhuman primate sera for antibodies to:several viruses. The overall

sensitivity of the dot-immunobinding assay was 97.8%. The assay was also found to

be extremely sensitive in detecting viral antigen in the, sera. The authors conclude that
dot-immunobinding could be used'to rapidly identify unknown viral isolates andto

detect specific viralantigens in clinical specimens, especially with the advent of

monoclonal-antibodies. Likewise, dot-immunobinding could be utilized for-rapid

identification of-serum antibodies-to specific viruses, allowing swift diagnosis and

initiation of treatment.

Heberling & Kalter (1985, 1987) used the dot-immunobinding assay to test 150
macaquemonkey sera for antibodies to Herpesvirus simiae, a monkey virus which has

the potential to cause fatal infection in humans. Sera were also-tested by serum

neutralization, the most commonly used laboratory test for viral antigen testing priorto.

this report. Of'the I30 sera, 83 were negatie to'b61k . rur neutriiization and

dot-immunobindinZ, while 56 were positie to octh. Eleen sera ',ere posti,,e by

dot-immunobinding but negative to serum neutralization. Thus, using serum

neutralization as the "gold standard", dot-immunobindu.g detected antibody to the
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virus with a sensitivity of 100% and a specificity of 88%. The dot-immunobinding assay

was much more rapid than serumneutralization, with results obtained-in one day by

the former versus three to five days by the latter. The authors conclude that

dot-immunobindingis a rapid'and simple test for detecting serum antibody to the

Herpesvirus, With excellent sensitivity and specificity. Moreover, they suggest that this

assay could easily be applied to detection of other viral antibodies from~clinical

specimens.

Nitrocellulose has been used to detect and quantify influenza viruses (Furuya et

al. 1984). Purified influenza virus suspensions were passed through a filtration device

containing a nitrocellulosefilter. The nitrocellulose was then treated with mouse

anti-influenza antibody followed by peroxidase-conjugated sheep anti-mouse igG

antibody. The color change was noted and recorded in a semi-quantitative/qualitative

manner (negative, positive, strongly positive). In addition, quantification of the

blue-colored dots~was-determined-by visual adsorption in a spectrodensitometer. The

authors also used this technique to detect'influenza viruses from clinical throat swab

specimens. They conclude that the assay is ideally suited to detection of respiratory

viruses in a clinical setting.

Talbot etal. (1984) found that dot immunoblotting with nitrocellulose was as

sensitive as radio-immunoassay and ELISA in detecting very low levels of viral antigen.

Likewise, the-technique was able to detect extremely-small amounts of monoclonal

antiviral antibodies produced by hybridomas. Specifically, a 48,600-fold dilution of

antiviral antibody still gave a distinct signal (colored dot) with the dot immunoblotting

assay, compared to an end-point titer of 1:18,000 with ELISA. Bode et al (1984)

described a technique called nitrocellulose-enzyme-linked immunosorbent assay

(NC-ELISA) in Which nitrocellulose disks are placed in the bottom of the wells of

standard polystyrene microtiter plates. Viral antigens are then spotted t th disks,

follo,.ed by bloc~king of further binding capacity ,ith boine serum albumin. The disks

are then treated by sequential incubation %,ith rabbit anti,,ral ant.body and alkaline

phosphatase-conjugated anti-rabbit IgG. Substrate is added to produce a red color

chance and the degree of change is expressed on a felatie scale from pale to dark
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red. A conventional ELISA was also-performed in order to compare results. The only

difference between the NC-ELISA and the standard ELISA is the difference in solid

phase support (nitrocellulose versus polystyrene). The NC-ELISA demonstrated 8- to

10-fold greater sensitivity for detection of viral antigens compared to conventional

ELISA, while specificity was similar. Likewise, the NC-ELISA was extremely sensitive in

detecting antiviralantibodies. The authors conclude that the greater sensitivity of the

NC-ELISA relative to the ELISA-is due to the better binding capacity of nitrocellulose

compared to polystyrene. Thus, in addition to the advantages over the ELISA
described by Hawkes et al. (1982), the dot-immunoblotting type of assay has the

added benefit ofgreater antigen binding, with the consequent ability to use smaller

concentrations of antigen.

While much of the experimentation utilizing nitrocellulose has been in the fields

of virology and nucleic acid research, this material has also been used for isolation of

specific organismsin vaccine development (Lu et al. 1988). It has-been employed in

diagnosis of other non-viral infectious diseases as well. Angeles & Sugar (1987) use a

dot-blotting assay to detect IgG-antibody to several species of Nocardia in an attempt

to ease diagnosis of the disease. They found that 100% of sera from patients with

confirmed nocardiosis had a positive reaction, while 100% of non-infected controls

were negative.
Nitrocellulose has also been used in research in the dental field. O'Lee &

Boackle (1987) used the material-to analyze the interaction of non-immunoglobulin

salivary agglutinins and human salivary IgG and to assess their effects on agglutination

of-oral bacteria. McArthur-et a. (1986) applied nitrocellulose in the field of

periodontology. Specifically, they used nitrocellulose in combination with monoclonal

antibodies to-detect the putative periodontopathic organism Aactinomycetemcomitans

and to differentiate its three serotypes. The organisms were placed in culture dishes

for 4 days. Circuiar nitroceiluose diks wvere pidLed-in the dib:hesfor 1- minutes to

passi'.ely blot the bacterial colonies onto the material. The dioAs w'ere then incubated

with murine hybrido..a-deried monoclonal antibodies specific for each of the three

serotypes. Subsequent incubation ,ith peroxidase-conjugated anti-munne Y-& and
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substrate led to identification of the different serotypes. Plaque samples were taken

from a patient with juvenile periodontitis and from squirrel monkeys with

naturally-occurring periodontitis. The samples-were treated as described. Results

demonstrated that when Aactinomycetemcomitans was detected by gram-staining,

growth in selective culturernedia, and ELISA, the organism wasalso detected by the

nitrocellulose assay 99-100% of the time. Thus, the assay was able to accurately

detect Aactihomycetemcomitans in p!aque samples and char. ctedze the organisms as

to serotype. The authors suggest that this type of assay could greatly simplify the

identification and possibly the quantitation of organisms from subgingval plaque

samples.

H. Ezyme Substrate Systems

Various eni/me conjugates are available for use in enzyme immunoassays incluu;ing

alkaline phosphatase, horseradish peroxidase, and 13-galactosidase. In general, it

appearsthat alkaline phosphatase is preferred by most authors when using the ELISA,

most likely due to its high activity and bright yellow reaction color which can be

assessed visually or spectrophotometrically (Engvall & Perlmann 1972, Ebersole et at.

1980c, Mouton etaL. 1981, Chung et at. 1983, Naito et al., 1984, Genco et al. 1985,

Haffajee et at. 1988, Aukhil et al. 1988). Horseradish peroxidase also has high activity,

and is generally less expensive than alkaline phosphatase. Peroxidasehas been

shown to be an excellent enzyme for conjugation (Nakane 1975). Most studies

-utilizing nitrocellulose have preferred horseradish peroxidase as the enzyme conjugate

(Towbin et a. 1979, Hawkes etal. 1982, Furuya et al. 1984, McArthur et a. 1986,

Angeles & Sugar 1987, O'Lee & Boackle 1987). However, alkaline phosphatase has

also been used (Bode eta!. 1984, Heberling & Kalter 1986, 1987). f3-galactosidase is

infrequently used in ELISA and dot-blotting assays. Portsmann et a/. (1985) examined

the.use.of-alkaline.phosp hatase,-horseradish..peroxidas-e, and.3- galactosidasein -an

enzyme immunoassay for detection ohfalpha-1- fetoprotein. The peroxidase-lgG

conjugates provided, the lowest detection limits for this protein, vwhile alkaline

phosphatase and f3-galactosidase required greater protein concentrations for detection.

Peroxicse ilso demons-trated the highest sensitiitya t the shorte-,t period of reaction
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time. During a period of 30 minutes, peroxidase conjugates had the highest level of

chromogenic substrate conversion with the smallest amount of alpha-i- fetoprotein.

Voller et al. (1 976a) believe the choice of enzyme for conjugation is primarily a matter

of personal preference.

The substrate used depends upon the enzyme chosen forconjugation. Most

authors using horseradish peroxidase as the enzyme conjugate in dot-blot assays

prefer a substrate consisting of-4-chloro-1-naphthol/ Tris-buffered saline/ methanol/

hydrogen peroxide. This combinatdon results in a blue to purple color change

(Hawkes et a. 1982, McArthur et al., 1986, Angeles & Sugar 1987, 'O'Lee &-Boackle

1987). When alkaline phosphatase is used in dot-blot assays, the substrate is-usually

naphthol AS-MX phosphate and Fast Red-TR Salt, which produces a red color

(Heberling 1986, 1987). When alkaline phosphatase is used for ELISA, the substrate is

usually p-nitrophenylphosphate, which produces a distinct yellow color change

(Engvall & Perlmann 1972, Ebersole et al. 1980c, Portsmann et at 1985).

STATEMENT OF PURPOSE

The-goal of this research was to design a simple, rapid, qualitative assay for

determining, in a clinical setting, the presence ofelevated serum antibody levels to

potentially periodontopathic microorganisms. This information might be particularly

useful in clinical research involving large subject populations. Likewise, it might be

beneficial in large-scale epidemiologic studies. However, the primary-intention was to

design an assay which could be used by the clinician as an aid in diagnosis and treatment

of individual periodontal patients.

An ideal assay for use in such a clinical setting would have the following

characteristics:

1. Simple, relatively -pain-free method for collecting antibody-containing sample.

2.. M-inira-timefrom ample collection to determination of results; preferablya

matter of minutes to hours, rather than days to weeks.

3. Minimal number of reagents required.

4. )Minimal amount of specialized equipment and space.

3. ,mple, repeatable technique.
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6. Minimal training required; can be performed by auxiliary personnel.

7. Capable of detecting elevated antibody levels to organisms of interest.

8. Inexpensive

The overall objective of this research was to develop an assay With as many of these

characteristics as possible.
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il. MATERIALS AND METHODS

A. Serum Versus Capillary Blood Antibody Titers

1. Collection of Samples.
In order to develop a rapid and inexpensive assay, the use of whole

peripheral capillary blood rather than venous-derived serum was preferred. This

reduces time and equipment needed to separate the serum from other blood
components. Venous blood was collected fromten human volunteers of
undetermined periodontal status. The sera were separated by centrifugation after
. otting and stored until useoat -20oC. Heparin-coated capillary tubes (Chase
Instruments Cat. No. 501; internal diameter 1.1-1,2 mm; length 75mm) were
marked such that a volume of 60,pIlcould be accurately collected. Sixty microliters

of peripheral capillary blood was obtained from each subject via finger-stick and
drawn into the capillary tubes. The bloodwas'then expressed into
phosphate-buffered saline (PBS) containing 0.05% Tween 20 to obtain a dilution of
1:50. These samples were either used immediately or stored at -200C untd use.

2. Enzyme-linked Immunosorbent Assay.

Antibody levels in serum and capillary bloodwere assessed by enzyme-linked
immunosorbent assay (ELISA) as described by Ebersole et al. (1980cY. Whole

formalinized bacteria were used as antigens, specifically Aadinomycetemcomitans
strain Y4, B.gingivalis ATCC 33277, and B.intermedius ATCC 2561 1,.

Whole formalinized bacteria were diluted in buffer at pH 9.6 containing 0.2M
sodium carbonate(Na2CO3), 0.2M sodium bicarbonate (NaHC0 3), and 10%
sodium azide. Ninety-six we lpolystrene micrntiter plates (LinbroCo.) were

coated with various dilutions of whole bacteria and incubated at 370C for 3-4
hours. Plates were then stored at 40C until use.

Antigen-coated plates were washed three times (5 minutes each) with 0.9%

sodium chloride (NaCI), pH 7.4 containing 0-05' Tween 20. Plates were then

incubated at room temperature for 2 hours vith ,erum and capiilary blood samples

diluted to 1:50 in PBS/Tween 20. Following three 5 minute ,ashes '.,.ith
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NaCI/Tween 20, the plates were incubated with a 1:500 dilution of affinity purified

goat anti-human IgG (Calbiochem #401441) at room temperature for 2 hours.

After washing, the plates were incubated overnight (16-18 hours)-with a

1:i000 dilution of alkaline phosphatase-conjugated rabbit anti-goat IgG (Sigma

#A7650; heavy and light chain specific, affinity purified). Following a final washing,

p-nitrophenyl phosphate (Sigma 104 Phosphatase Substrate; 1 mg/ml in pH 9.8

buffer containing Na2CO3, NaHCO 3, and 1 mM MgCl2) was added to the plates as

substrate. The reactions were terminated at 30 minutes by addition of 1 N NaOH.

The absorbance at 410 nm was then determined using an ELISA reader (Dynatech

MR 650) and Immunosoft computer software (Dynatech Immunosoft 2.5).

Each serum and capillary blood sample was assayed in triplicate and a mean

titer determined. Antibody activitiesin the samples were related to a standard

reference serum curve for each organism. The serum standardwas assigned a

reactivity-of 100 ELISA units (EU) and-a reference curve relating optical density- to

the log1o EU was produced~for each microtiter plate.

Antibody reactivity in serum and-capillary blood was compared for each

subject. The~percentage of reactivity in capillary blood relative to the reactivity in

serum was then determined.

B. Development of Dot-Blot Assay

1. Selection of Enzyme-substrate System.

The initial step in developing the dot-blot assay was the determinationof an

appropriate enzyme-substrate system; The-chromogenic system selected had-to

produce a distinct color change and yet require a relatively short reaction time.

Three enzymes were selected for examination: alkaline phosphatzise, horseradish

peroxidase, and f3galactr.sidase. An experiment was designed on nitrocellulose

paper (Schleicher & Schuell Cat. No. 41-00850; pore size 0.45 pm) in which various

antigen concentrations, serum dilutions, and enzjrme dilutions could be analyzed in

order to obtain an ideal concentration of each reagent to'be used in-the final assay.

immunoblotting on nitrocellu lose paper inolves "spotting" dilited antigens

onto the paper then reacting tp e t dos" it,,h i hntdv-cont.uning iluid. fhe
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volume of antigen suspension varies, but readable results have been obtained with
volumes of 0.1 - 20 41, depending on the concentration of the antigen (Hawkes
1982, Heberling & Kalter 1986, 1987). Whole formalinized bacteria were diluted in

PBSto obtain concentrations of I x 105 to 1 x 109 organisms per 10 4l drop of
solution. Nitrocellulose sheets were wetted by placement in a plastic dish
(Tupperware) containing Tris-buffered saline (TBS). Whatman chromatography

paper (Whatman Cat. No. 3030Y917; thickness 0.34 mm) was placed inthe
bottom of another plastic dish and moistened with TBS. The nitrocellulose was
then removed from the TBS and placed on top of the Whatman paper in order to
keep the nitrocellulose moist. After excess TBS had absorbed from the

nitrocellulose- into the Whatman paper, the diluted antigens were "spotted" onto

the nitrocellulose sheets and allowed to dry. Once the "dots" were-no longer
visible, the nitrocellulose sheets were hung-to dry for 30 minutes. Drying at-this

stage will stabilize the binding of the bacteria;to, the nitrocellulose;in fact, the
sheets can be stored at this, stage for several weeks without loss of activity.
(Hawkes 1982). Non-specific binding sites were then blocked by submerging the
nitrocellulose in various concentrations of nonfat dry milk (Sanilac) in TBS. After
blocking, the nitrocellulose sheetswere rinsed thoroughly in TBS. The sheets were

then either dried'and stored~or used -immediately.
The referenge:,standaid sera for-each organism used in the ELISA were diluted

to 1:50. Small stripsof filter paper (Whatman Cat. No. 3001Y861; thickness 0.18
mm) were cut and wetted thoroughly with serum. New pieces of Whatman

chromatography paper were placed in clean, dry plastic ware and moistened with
TBS. After the nitrocellulosesheets were placed on the Whatman paper, the

serum-containing strips were laid over the antigen "spots" in order to allow
incubation. The plastic dishes were covered tightly for two hours. The

serum-strips were then removed and the nitrocellulose was washed thoroughly

.vith TBS. At this stage, the nitrocellulose was incubated ,ith horseradish

peroxidase-conjugated anti-human IgG (Cappel Cat. No. 3201-0081) at,,arious

dilutions in TBS. After wvashing the nitrocellulose in TBS, the sheets then ',ere
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placed in a dish containing 20 ml of methanol, 60 mg of 4-chloro-1-naphthol

(Sigma No. C-8890), 0.6 ml of 3% hydrogen peroxide, and 100 ml of TBS as

substrate. When the reactions were terminated, the degree of bluish-purple color

change for each "dot" could be assessed.

Preliminary evaluation of 13-galactosidase as a chromogenic enzyme revealed

the need for prolonged incubation of up to 12 hours, This was deemed

inappropriate for the~assay being developed. Alkaline phosphatase had a short

reaction time and distinct color change, simila" to the properties of horseradish

peroxidase. The majority of studies utilizing nitrocellulose have preferred

horseradish peroxidase as the conjugate (Towbin et al. 1979, Hawkes et at. 1982;

Furuya et a/. 1984, McArthur et al. 1986, Angeles & Sugar 1987, O'Lee & Boackle
"1987). Peroxidase is generally less expensive than alkaline phosphatase as well.

The choice of horseradish peroxidase for use in developing this assay was,

therefore, primarily cie of availability, cost and personal. preference.

2. Determination ofiAppropriake Antigen, Serum and Reagent Dilution.

Once an adequate chromogenic enzyme was selected, attention was focused

on deterrhining-the appropriate serum dilution and antigen concentretion to be

used. From the ten individualspreviously examined, a high reactive and-a low

reactive serum sample for each organism was selected. The dot-blot, assay was

performed with antigen concentrations varying-from 1 x 105 to 1 x 109 organisms

per 10 Jil drop and-serum dilutions ranging from 1:10 to-1:50. In order to

determine which dilutions provided the~best distinction between high and' low

responders, the high and low'reactive-sera at any given dilution were placed

side-by-side&ohthe nitrocellulose. The serum dilution which allowed the best

distinction between. positive and negative reactions to all three organisms was then

chosen. This would enable one to perform the assay utilizing a single dilution of

antibody-containing fluid to assess reactivity to all organisms.

Foilo%\ing selection of an appropriate serum dilution, assays %%ere performed

to further narrow, and finally select, the appropriate antigen concentration for each

indiidual organism. From a pool of serum samples ,ith known antibody'reacti'ity
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to the bacteria being tested, six high responders and six low responders were

chosen for each organism. The dot-blot assay was accomplished on multiple

occasions in order to determine, for each organism, the concentration which best

delineated a positive from a negative response. Concentrations ranged from 5 x
105 to 1 x 108 bacteria per 10 V1 drop, with each successive assay further

narrowing the concentration range. The concentration of powdered milk used for

blocking non-specific nitrocellulose binding sites was varied from 1% to 5%. The

degree of non-specific color change outside the antigen "dots" but within the area

covered by the serum-containing strips was assessed for each concentration.

Finally, the concentration of enzyme-conjugated anti-human IgG was varied

from 1:1000 to 1:3000. The effect on intensity of color change was evaluated.

3. Alterations in Incubation Times.

The purpose of this research was to develop a rapid assay for determining

elevated ahtibody to oral microorganisms. As such, incubation periods foe each

step in the ,test were varied to.achieve the minimum time which-would still allow

for accurate results. Blocking ofnon-specific binding sites with powdered milk,

incubation of the antigen "dots" with the serurn-containingstrips, and reaction of

the nitrocellulose with the enzyme-conjugated anti-human IgG were varied from

30 minutes to 2. hours. Finally, reaction of the enzyme substrate ranged from one

to five minutes.

With each variation in incubation time, the effects-on the ability to correctly

distinguish -elevated from- normal antibody titers was assessed.

C. Initial Results of Dot-blot Assay

Thirty-nine serum samples, were selected to investigate the ability of the dot-blot

assay to correctly assess the antibody response to A.actinomycetemcomitans,

g4i,)givalis,.an4dBiOtermedius. 4 n ELISA was performedto-determine serurmantibody

titers to each organism. ThC ,,A. at assay was then performed for each sample.

MlLeOcellulose sheets %ere designed such that a single serum-containing filter strip for

each subject could be placed over three antigen 'dots', one for each organism. Each

iitrocellulose SL.eet had '5%e to ten experimental sa.-ipes plus a pos'a"te and ne;ga[.Ne
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control. The positive control serum was obtained from a subject who had, in previous

experiments, demonstrated elevated antibody titers to all three organisms. Ukewise,

the negative control serum had previously shown normal antibody reactivity to all the

bacteria. Each nitrocellulose sheet possessed its own positive and negative control for

direct comparison with experimental samples.

After the-enzyme-substrate reacion, the degree of color change for each "dot"

was assessed andthe reaction was deemed either positive or-negative relative to

control "dots". The qualitative results of the dot-blot assay were then compared in a
blind fashion to the quantitative antibody titers as determined by ELISA. The ability of

the dot-blot assay tocorrectly identify subjects with elevated %rsus normal antibody

responses to the three organisms was then ascertained.

D. 'Use of Assay in Screening of Patients

Thirty-four patients with various forms of periodontal disease were selected at

random from the Postdoctoral Periodontics Clinic at the University of Texas Health

Science Center at San Antonio, Texas. Venous blood was drawn and allowed to clot.

Digi-puncture was performed and 60 Ii1 of peripheral capillary blood was-drawn into

heparinized capillary tubes, followed by dilution to 1:25 in PBS/Tween 20. Serum:was

separated fromvenous samples by centrifugation. Serum and capillary blood samples

werethen stored at -200C until use.

The ELISA was performed in triplicate for each serum and capillary sample to

assess quantitative antibody titers to Aactinomycetemncomitans, B.gingivalis, and

B.intermedius. For ELISA, 1:100 dilutions of serum-and capillary blood were used. The

proportion of reactivity in capillary blood relative to serum was also determined for

each patient.

The dot-blot assay was then performed. The appropriate antigen "dots" were

placed on the nitrocellulose sheets. The sheets were dried and blocked with

powdered milk. Approximately 300,,a. of the 1:25 dilution of capillary blood was

placed in a 15 ml test tube marked by code for-each subject. Strips of Whatman filter

paper large enough to cover the three antigen "dots" (about 1 x 4 cm) ,,ere placed in
the test tusbes. vitYocc.1u ose sheets 'Acre piaced in *%.e bottom of pla:tic dishes on
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top of previously moistened chromatography paper. After the blood-containing strips

were thoroughlywet, they were removed from their coded test tubes and laid over

the column of three antigen-"dots" with the corresponding patient code. Thedishes

were then covered and allowed to incubate. After appropriate incubation time, the

blood-containing strips were removed and discarded. The nitroceilulose sheets were

then incubated with the peroxidase-conjugated anti-human IgG and developed with

substrate.

Each "dot" was graded as-either elevated or not elevated based on the degree of

color change relative to positive and negative controls on the same nitrocellulose

sheet. This was done in a blindfashion, as the examiner was unaware of the results of

the ELISA. The qualitative positive and negative results from the-dot-blot were then

compared to the respective quantitative ELISA results for each subject.

Similar experiments were performed utilizing serum and capillary blood from 10

periodontally-healthy subjects. Again, ELISA and dot-blot results were analyzed for

agreement relative to elevation of antibody titers to these organisms.

E. Statistical Analysis

Antibody titers in serum and capillary-blood were compared for each subject and for

the population as a whole. Mean serum titers for each organism were analyzed and

comparedto mean capillary blood titers. The results were expressed as the percent

reactivity in capillary blood relative to serum. The correlation between serum and

capillary-blood titers to each organism was determined by regression analysis and

analysis of variance. Spearman rank correlations betweenserumand capillary blood

titers were also determined for each organism. Capillary and serum titers tothe three

organisms were paired for each subject and analyzed by Wilcoxon Paired Ranks Test to

determine the relationship between-values for each individual rather than comparing

means of valuesfor the entire population.

In order to determine the appropriate dilution of capillary blood to be used in the

dot-blot assay, capillary antibody titers ,ere adjusted by factors related to the relative

reactiity in capillary blood ',ersus serum. Adjusted capillary titers were compared to

measured capillary ELISA titers by Wilcoxon Paired Ranks Test.
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Contingency tables were designed to evaluate the sensitivity and specificity of

the dot-blot assay relative to the ELISA for the 39 initial serum samples, for capillary

bloodsamples from 34 periodontally diseased subjects, and for capillary blood

samples from 10 periodontally healthy patients. ELISA and dot-blot values were
evaluated by Fisher's Exact Test and Chi-square analysis to determine the significance

of the relationship between the two assays.
Contingency tables were devised to assess the association between positive or

negative dot-blot results and the presence or absence of periodontal disease. Similar

tables were constructed for the ELISA results. Sensitivity, specificity, positive predictive

value and negative predictive values were determined to examine the ability of both

assays to, predict the periodontal status of the subjects. The tables-were analyzed by

Chi-square and Fisher's Exact Test to assess their statistical significance.
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III., RESULTS

A. Serum Versus Capillary Blood Antibody Titers

1. ELISA Results.

Antibody titers'Vere assessed by ELISA in capillary blood and serum samples

from a total of 3 subjects. These titers are represented diagrammatically'in the

box-and-whisker plots (Figures 1' and 2). Figure 1 represents the spectrum of

serum'antibody titers to Aactinomycetemcomitans, B.gingivalis, and B.intermedius.

Capillary blood titers are depicted in Figure 2. As expected, there was a wide range

of reactivity to the various bacteria. For each organism, mean and median titers

were calculated and the standard deviation and standard error of the mean were

determined. Likewise, these-parameters were assessed for total mean titers to all

organisms.

Reactivity in capillary blood was then compared to that in serum-(Table 1)

The mean serum titer toAactinomycetemconitans was 150.5 .+ 205 EU compared

to a mean capillary blood titer of 68,7 __ 106 EU. Serum and capillary titers to

B.gingivalis were 19.3 + 21.7 EU and 14.4 -t- 21 EU respectively. For B.intermedius,

mean serum titer was 111.4+ 90'EU compared to a mean capillary titer of 50.4 +t

40.2 EU. When antibody reactivity to allorganisms was analyzed, the mean serum

titer was 93.7 + 140.1 EU compared to a mean capillary titer of 44.5 + 69.6 EU.

The level of reactivity-in capillary blood was calculated as a percentage of the

serum titers for the 32 subjects in whom both samples were taken. The mean

percent reactivity in capillary blood was then determined for each organism and for

all organisms combined (Table 2). Capillary titers to Aactinomycetemcomitans

averaged 47.0 ±- 22.27% of the serum titers. For B.gingivalis and B.intermedius,
capillary antibody reactivity averaged 68.0 + 27.4% and 48.8 +-16.9% of the serum

titers respectively. li'hen-d'ata for aii organisms were com bined, Lapiiidry antibody

titers aeraged 54.6 +_ 24.3% of the serum reactiity. There was a considerable

degree of variation betvveen individuals inthe le\:l of reactiity in peripheral

capillary blood compared to serum reactivity. This is represented in the box-and



40

FIGURE 1.
Notched Box and Whisker representation of serum antibody levels to Aa, Bg, and Bi. Y-axis

is serum IgG antibody reactivity in ELISA Units (EU). The box represents the middle 50% of

data values, between the lower and upper quartiles (interquartile range). The notch
represents the median data value for the population. The '"Whiskers" extend to include

data values within 1.5 times the interquartile range. The points represent "Outliers" which

are sera with extremely elevated serum antibody titers.
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FIGURE 2.
Notched Box and Whisker representation of capillary blood-antibody levels to Aa, Bg, and

Bi. Y-axis is serum IgG antibody reactivity in ELISA Units (EU). The box represents the

middle 50% of data values, between the lower and upper.quartiles (interquartile range).

The notch represents the median data value for the population. The 'Whiskers" extend to

include data-values within 1.5 times the interquartile range. The points represent "Outliers"

which are sera with extremely elevated'serum antibody titers.
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TABLE 1 4

SERUM vs. CAPILLARY ANTIBODY LEVELS
as DETERMINED by ELISA

I All
Aa B9Bi Organisms

N 32 32 32 j 96
Average CpEU 68.7 14.4 50.4 44.5
Median CpEU 29 7 39 18

S.D. 106 -21 40.2 69.6
S.E.M. 18.7 3.7 7.1 7.1

Minimum CpEU 5 0.3 7 0.3
Maximum CpEU 442 88 148 442

N 32 32 32 96
Average SerEU 150.5 19.3 111.4 93.7
Median SerEU 62 8 83.5 49

S.D. 205.3 2-1.7 90 140.1
S.E.M. 35.2 3.7 15.4 13.9

Minimum SerEU- 7 0.5 9 0.5
MaximumSerEU 978 73 1 421 1 978

CpEU = 'capillary EU by ELISA
SerEU = serum EU by ELISA
S.D. = standard deviation[ S.E.M. =standard error of the mean



TABLE 2 4

CAPILLARY BLOOD ANTIBODY LEVELS as a PfERCENT of SERUM LEVELS

All
A gBi Organisms

N 32 32 32 96
,Average % 47.0 68.0 48.8 54.6
Median % 46.8 64.4 48.7 52

S.D. 22.2 27.4 16.9 24.3
S.E.M. 3.9 4.8 3.0 2.5

Minimum % 14.3 25.0 14.5 14.3
Maximum O/ 104.5 128.6 80.0 128.6
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whisker plot relating capillary titers-.s a percent of serum titers (Figure 3).

The relationship between serum and capillary antibody titers was assessed by

regression analysis andanalysis of variance (Figures 4-7). Regression formulas were

calculated for each organism and for all organisms combined. Correlation

coefficients and levels of significance were then determined (Table 3). The

correlation between serum and capillary blood antibody reactivity was highly

Significant: Aactinomycetemcomitans r= 0.76, B.gingivalis r= 0.90, B.intermedius

r= 0.85, and all organisms combined r= 0.80. The level of significance for all

correlation coefficients was p<0.00001. Spearman:rank correlations (rs) were

also determined between capillary and serum samples (Table 4). For

A actinomycetemcomitans, B.gingivalis, and B.intermedius, respective Spearmail

ranks were rs = 0.92, rs = 0.95, rs = 0.92. For all organisms combined, rs = 0;94.

All Spearman rank correlation coefficients were highly statistically significant

(p <0.0001).
In order to assess the relationship between serum and capillary antibody

titers in individual subjects rather than comparing mean values for all subjects, the

Wilcoxon Paired Ranks Test was used toanalyze-the differences between paired

capillary and serum titers. For Aactinomycetemcomitans and B.intermedius, serum

antibody titers were significantly greater than their paired capillary titers (p<0.005

and p <0.001 respectively). While serum reactivity to B.gingivalis wasgenerally

greater than capillary reactivity to this organism, the difference did not reach a level

of statistical significance (p =0.194). A total of 96 matched pairs of-serum and

capillary ELISA values were-analyzed- (34 subjets x 3 organisms per subject).

Overall, serum antibody titers were statistically significantly greater than the paired

capillary titers (p<0.005).

2. Selection of Appropriate Serum- Dilution.

As discussed previously, horseradish peroxidase was chosen as the enzyme

conjugate for the dot-blot assay based on its distinct color change and speed of

reat.tion. It was necessary to determine the ideal concentration of serum to allow
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FIGURE 3.
-Notched Box and Whisker representation of capillary blood antibody reactivity as a percent

of serum antiL. -Jy levels to Aa, Bg, and Bi. Y-axis-is serum IgG antibody reactivity-in ELISA

-Units (EU). The box represents the middle 50% of data values, between the lower and

upper quartiles (interquartile range). The notch represents the median data value for the

population. The '"Whiskers" extend to include data values within 1.5 times the interquartile

range. The points represent "Outliers" which are sera with extremely elevated serum

antibody titers.
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FIGURE 4.
Regression analysis of the relationship between serum and capillary blood antibody levels

to Aa. The X-axis denotes serum antibody levels to Aa and the Y-axis denotes capillary

blood antibody levels to Aa. The points represent individual patient levels with a group size

of 32. The solid line represents a linear regression line. The inner dashed]ines represent A

95% confidence interval and the outer dashed lines indicate the 99% confidenceilevel for

the regression.
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FIGURE 5.
Regression analysis of the relationship between serum and capillary blood antibody-levels
to Bg. TheX-axis denotes-serum antibody levels to Bg and the Y-axis denotes capillary
blood antibody levels to Bg. The points represent individual patient levels-with a group size
of 32. The solid line represents a linear, regression line. The inner dashed lines represent a

9,5% confidence interval and the outer dashed lines indicate the 99% confidencelevel for
'the reg'ression.
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FIGURE 6.
Regression analysis of the relationship between serum and capillary blood antibody levels

to Bi. The X-axis denotes serum antibody levels to Bi andthe Y-axis denotes capillary blood

antibody levels to Bi. The points represent individual patient levels with a group size of 32.

The solid line represents a linear regression line. The inner dashed lines represent a 95%

confidence interval and the outer dashed lines indicate the 99% confidence level for the

regression.
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FIGURE 7.

Regression analysis of the relationship between serum and capillary blood antibody levels

to all microorganisms. The X-axis denotes serum antibody levels to bacteria and the Y-axis

denotes capillary blood antibody levels to the bacteria. The points represent individual

patient levels with a group size of 96. The solid line represents a linear regression line. The

inner dashed lines represent a 95% confidence interval and the outer dashed lines indicate

the 99% confidence levelfor the regression.
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TABLE 4 58

SPEARMAN RANK CORRELATIONS (Rs)

All
..... Aa B. Bi Organisms

N 32 32 32 96
Rs  0.92 0.95 0.92 0.94
p_ 1 0.0001 0.0001 0.0001 0.0001

Spearman Rank Correlation (rs) between serum and capillary
blood antibody levels as determined by ELISA



TABLE 4 58

SPEARMAN RANK CORRELATIONS (Rs)

All
Aa B, Bi Organisms

N 32 32 32 96
Rs  0.92 0.95 0.92 0.94
p < 0.0001 0.0001 0.0001 0.0001

Spearman Rank Correlation (rs) between serum and capillary
blood antibody levels as determined by ELISA
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distinction between-elevated and normalantibodyreactivities. The best

cortntratioh of serum would be that which produced a distinct colored "dot"

when antibody titers to a given organism were elevated, and exhibited minimal or

no color change when titers were-normal.

Using various dilution$ of antigen, the dot-blot assay was run with serum

dilutions of 1:10, 1:20, and 1:50. Filter paper strips containing serum with known

elevation in antibody to each organism were placed over the antigen "dots". Strips

with low reactivity to the same organism were then placed over antigen "dots"

immediately'adjacent. After incubation and development, the difference in color

change between the various dilutions of high and low reactivesera were assessed

(Plate 1). For all organisms, the more dilute the serum, the more distinct the
difference in color. thus, 6--distinttionAbetween positive andnegative responses

was more easily made with a 1:50-dilution than with a 1:10 or 1:20dilutibn-

However, dilution beyond 1:50 resulted in the n TlI for higher antigen

concentrations. Therefb're, a serum dilution of 1:50 was chosen.,

During these experiments, it was noted that antigen concentration affectedI

the color difference to a greater extentthan serum dilution. In fact, minor

alteration in serum dilution generally-had little effect on the distinction between

positive and negative reactions.

3. Selection of Appropriate Antigen Dilution.

Once a serum dilution of 1:50 was selected, the assay wasperformed using

multiple concentrations of each antigen. Six sera with known high or low reactivity

were selected for each organism. Antigen concentrations varied from 1 x 105 to 1

x 109 organisms per 10 itl drop (Plate 2). With each successive assay, the

concbntration: rangedr the organisms was narrowed. For 8Bgingivalis, a

concentration.of 1 x 108 organisms per 10 1I allowed positive identification of 6/6

eivated-se-ia;huiver, i/6-negatie se-were4&y tt;Ge'a po;Gve, and2

others-were considered "borderline elevated". A conce.'itr.tion of 1 x 107 gave



PLATE 1.
Variation in serum dilution (1:10, 1:20, 1:50) with multiple concentrations of Aa. Last

column is background (BKG).
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PLATE 2.

Variationin antigen concentration for Bi. Top six experimental samples are low reactive,

sera, bottom six are high reactive sera. Concentration of 1' x 106 organiSms-gives best

.distinction between elevated and normal sera.
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positive identification of 6/6 elevated sera and negative identification of 6/6 normal

sera. Thus, for B.gingivalis, a final concentration of 1 x 107 organisms/10 I was

chosen.

For B.intermedius, 1 x 107 organisms correctly identified 6/6 elevated sera,

but produced false positives in 5/6 normal sera. 5 x 105 organisms/10 if

presented no false positives, but correctly identified only 4/6 elevated sera. A

concentration of 1 x 106 B.intermedius per 10 i positively identified 6/6 elevated

sera with no false positives and was therefore selected as the concentration of

choice.

A concentration of 1 x 108 Aactinomycetemcomitans per 10 [I drop enabled

positive identification of 6/6 elevated sera, but also identified 2/6 normal sera as

positive. 5 x 107 organisms reduced the false positive rate to 1/6 with no adverse

effect-on positive verification of truly elevated sera. Reduction of the concentration

to 1 x 107 resulted in elimination of false positives, but reduced positive

identification of elevated sera to 3/6. A concentration of 2.5 x 107 per 10 Il drop

was therefore selected for Aactinomycetemcomitans.

4. Selection of Blocking Concentration.

Powdered non-fat milk was used to block non-specific binding sites after

antigens were "spotted" onto the nitrocellulose sheets. Concentration of blocking

agent was varied from 1% to 5% in TBS, while blocking time ranged from 30

minutes to 2 hours. With each variation in time and concentration, the degree of

non-specific color change outside the antigen "dots" and within the area covered by

the serum-containing strips was assessed. Because many of the color changes in

the dot-blot assay are quite subtle, excellent blocking of non-specific binding sites

is necessary. In general, the higher the concentration of powdered milk, the less

time was required for adequate blocking. With 1% milk, adequate blocking was

not achieved in under 90 minutes. When the concentration was increased to 5%,

adequate blocking was achieved in 30 minutes. Due to the importance of this step

in the ability to "read" the results, it was decided to block for 60 minutes with 5%

powderpd milk. In addition, prolonging the blocking time does not alter the time
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needed to run the assay since all steps up to and including blocking are

accomplished before samples are taken from the subjects. As mentioned, the

nitrocellulose can be dried and stored for future use after antigen incubation or

after blocking.

5. Selection of Incubation Time for Antibody-Containing Fluid.

Filter paper strips were cut in sections approximately 1 x 4 cm in size in order

to completely cover the three antigen "dots" for each subject. Serum was diluted

to 1:50 in TBS. Serum was placed in 15 ml covered test tubes and the filter strips

were added to the tubes. The tubes were shaken and laid on their side to enable

moistening of the strips. It was determined that 300 I! of serum solution was

adequate to completely wet the filter strips. The serum-containing strips were

then removed from the test tubes with a pair of tweezers and laid directly onto the

antigen "dots". Incubation times were varied from 30 minutes to 2 hours. At 30,
minutes, a number of elevated sera had produced only minor color change. By

one hour, color change was more distinct and could be more readily distinguis'hed

from normal sera. Increasing incubation time to 2 hoursoffered no added benefit.

Therefore, one hour was selected as an adequate time for incubation of

antibody-containing fluid.

6. Selection of Enzyme Conjugate Reaction Time.

After incubation, the antibody-containing strips were removed from the

nitrocellulose, which was then washed thoroughly with TBS and placed in a dish

containing peroxidase-conjugated anti-human IgG. Concentrations of enzyme

conjugate were varied from 1:1000 to 1:3000, while the reaction time ranged from

30-120 minutes. Again, in general, as concentration increased, reaction time

decreased. At 1:3000, a reaction time of 60 or more minutes was needed to

produce color changes equal to a 1:1500 concentration for 30 minutes. Increasing

the concentration to 1:1000 offered no benefit relative to reaction time or color

clarity. Therefore, a final enzyme conjugate concentration of 1:1500 and a reaction

time of 30 minutes were selected.
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7. Selection of Substrate Reaction Time.

The substrate for developing the peroxidase enzyme conjugate was made by

combining 20 ml of methanol and 60 mg of 4-chloro-1-naphthol in one container

and 100 ml of TBS plus 0.6 ml of 3% hydrogen peroxide in another container.

When the nitrocellulose was ready for developing, the two solutions were mixed

and the nitrocellulose added to the mixture. The reaction time for the substrate

was critical for successful interpretation of results. Over-developing created

non-specific color change of the entire nitrocellulose sheet. This greatly decreased

the ability to assess subtle color differences between experimental and control

samples. Conversely, under-developing resulted in underestimation of degrees of

color change. Using the ideal ccncentrations and reaction times of the various

reagents previously discussed, the si~bstrate reaction time was aftcred from 1-5

minutes. Reaction times less than 2 minutes resulted in substantial

underestimation of color change, producing high numbers of false negatives (sera

with elevated ELISA antibody titersibut minimal color change on the nitrocellulose).

However, reaction times of three minutes or greater resulted in heavy-non-specific

staining of the nitrocellulose. This made distinction of weakly positive "dots"

difficult if not impossible. Thus, a substrate reaction time of exactly 2 minutes was

chosen.

The reaction was stopped by placing the nitrocellulose in distilled water for

one minute. The results were then read. in order to maintain the stability of the

reaction and prevent non-specific color changefrom the substrate, the

nitrocellulose was soaked in distilled water for 15 minutes and was hung to dry.

The results were then verified when the sheet-had diied.

B. Initial Results of Dot-blotAssay

Thirty-nine sera were selected from a pool of samples used in other studies in

this laboratory. These sera were chosen because previous ELISA had shown them to

possess elevated antibody titers to one or more of the organisms

Aactinomycetemcomitans, B.gingivalis, and B.intermedius. The primary investigator

was unaware of the ELISA titers for each subject. To maintain the blind nature of the
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study, each subject was given a number for identification.

ELISA was re-accomplished to determine serum titers to the organisms listed.

The dot-blot assay was then performed as described. Nitrocellulose sheets were

arranged so that a column of three antigen "dots" were placed directly under the

number for each subject. After blocking, a single serum-containing filter strip for each

subject was placed over the three "dots" and incubated for one hour. Each

nitrocellulose sheet had five to ten experimental sera plus a positive and negative

control serum sample. Thus, each sheet had its own controls for direct comparison

with experimental samples. Following a 30 minute incubation with peroxidase-

conjugated anti-human IgG and two minute development with substrate, each antigen

"dot" was graded as either positive or negative relative to control sera (Plate 3).

When an antigen "dot" possessed a visual color change with an intensity equal to

or greater than the positive control "dot" on the same nitrocellulose sheet, the result

was deemed a positive reaction. When the "dot' had a color-intensity equal to or less

than the negative control, the result was considered negative. Each "dot" was placed

into one of these two categorie ;positive or negative. It became apparent in using the

assay that color changes with intensity lying between the positive and negative

controls sometimes occurred. Since the assay records visual results, these "dots"

were compared closely to the positive and negative controls and then subjectively

placed in the positive or negative category. In general, "dots" with color even Slightly

more intense than the negative control were graded as positive.

Qualitative results of the dot-blot assay were then compared to quantitative

ELISA results for each subject and each organism (Table 5). Previous research has

established mean antibody reactivity to Aactinomycetemcomitans, B.gingivalis, and

B.intermedius in healthy and periodontally diseased populations (Ebersole et a!. 1982a,

Ebersole et a! 1986). Significantly elevated antibody titers were those greater than

two standard deviations above the mean of the periodontally normal group. As such,

a "cutoff point" to delineate elevated from non-elevated titers was determined for each

organism. For Aactinomycetemcomitans, antibody titers above 100 EU were

considered to be elevated. Similar values for B.gingivalis and B.intermedius were 20



PLATE 3.

Representation of inital use of dot-blot assay-for assessing antibody reactivity in

experimental serum samples. Relative to control sera, samples #32 and 33 have elevated

reactivity to Aa, while samples #31, 32, and 33 are positive to Bg. Samples #31, 33, and

34 are positive to Bi.
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TABLE 5 70

DOT-BLOT ASSAY vs. ELISA for 39 SERUM S.MPLES
Aa B Bi

Pt No. ELISA DB ELISA DB ELISA DB
1 108 + 41 + 1070 +
2 221 4 - 41 -
3 27 - 15 + 143 +
4 41 40 + 114 +
5 64 - 154 + 126 +
6 14 - 12 + 35
7 55 - 47 + 62
8 178 + 13 + 282 +
9 570 + 26 - 191 +

10 34 - 30 + 96
11 15 - 5 15
12 69 + 32 + 23
13 102 + 203 + 145 +
14 129 + 53 + 21 -

15 41 + 215 + 21 +
16 272 + 16 + 26 -

17 484 + 8 110 +
18 23 + 12 + 21 -
19 22 - 17 + 88 +
20 15 - 21 + 48 +
21 31 - 50 + 58 -
22 28 - 21 + 38 +
23 45 - 61 + 317 +
24 73 15 - 203 -
25 218 + 32 + 53 -
26 126 + 18 + 29 -
27 268 + 8 - 29 -
28 39 - 33 + 9 -
29 269 + 0 - 129 +
30 88 + 339 + 239 +
31 726 + 83 + 26 -

32 304 - 1 - 66 -
33 179 - 0 108 -
34 76 + 797 + 158 +
35 215 + 322 + 158 +
36 91 - 1 - -49 +
37 120 + 2 102 +
38 556 - 2 + 14
39 126 0 33 +

- m ===-6- - -0
Note: ELISA titers which delineate elevated response from
normal response are: Aa = 100 EU

Bg= 20 EU
DI = IZ5 CL
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and 125 EU respectively. In this way, quantitative ELISA data could be categorized for

each subject and each organism as either elevated or non-elevated based on the

"cutoff point". These data could then be compared to the qualitative dot-blot data.

Thus, each "dot" on the nitrocellulose sheet was graded as positive or negative and

was then compared to the ELISA data for that particular o-ganism and subiect.

The sensitivity and specificity of the dot-blot assay was determined for each

organism and for all organisms combined using ELISA as the "gold standard" (Table 6).

In this regard, sensitivity was defined as the percentage of elevated sera (as

determined by ELISA) which demonstrated positive reactions in the dot-blot assay.

Specificity was the percentage of non-elevated sera (by ELISA) which tested negative in

the dot-blot. False positive values were those which were deemed positive by

dot-blot, but were negative by ELISA. Conversely, false negative reactions were those

in which sera with elevated antibody reactivity by ELISA were deemed negativeby

dot-blot (Table 7).

For the 39 serum samples tested, the sensitivity of the dot-blot relative to the

ELISA ranged from 0.79 to 0.95zfor each individual organism andJ was 0.88 (45/51)

when reactivity to all organisms was combined. Specificity values for-individual

bacteria ranged from 0.58 to 0.75, with an overall specificity of 0.67 (44/66). The total

number of false negatives was quite low (6/51 or 11.8%), indicating that the dot-blot

assay rarely showed a negative reaction for sera with elevated antibody titers. The

number of false positives was considerably higher (22/66 or 33%), signifying a greater

chance of identifying sera with normal antibody reactivity by ELISA-as positive by the

dot-blot assay.

C. Adjusted Capillary Antibody Reactivity

In order to create a simple and rapid assay, the use of capillary blood was

preferred over serum. To elucidate the effect that variation in antibody reactivity

between capillary blood and serum might have on the use of the dot-blot assay,

adjusted capillary titers were calculated in two ways (Table 8). First, the mean serum



TABLE 6 72

CONTINGENCY TABLES for 39 SERUM SAMPLES

Aa (> 100 EU) ELISA
+I

DB + 15 5
4 15

Sens = 0.79

Spec = 0.75

Bg (. 20 EU) EUSA
+

DB + 19 8

1 11

Sens = 0.95
Spec = 0.58

Bi (. 125 EU) ELISA

IDB + 11 9
1 18

Sens = 0.92
Spec = 0.67

Total sens/spec EUSA

DB + 45 2

Sens = 0.88
Spec = 0.67



TABILE 7

DETERMINATION of SENSITIVITY,SPECIFICITY,
POSITIVE PREDICTIVE VALUE

and
NEGATIVE PREDICTIVE VALUE

ELISA

DB 4 a b

OR

PERIODONTAL
DISEASE

DB + a b

Sens = a/(a+c)
Spec = d/(b+d)
False pos
False neg cPv(+) = a/(a+b)
Pv(-) =d/(c+d)
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ADJUSTED CpEU

All
______ Aa Bg Bi Organisms

N 32 32 32 96
SerEU 150.5 19.3 111.4 93.7
C pEU 68.7 14.4 50.4 44.5

Cp 47.0 68.0 48
% Cpfot 54.6 54.6 54.6 54.6

AdjCp 70.7 13.1 54.4
AdjCpTot 82.2 10.5 60.8 51.2

SerEU =actual serum EU by ELISA
CpEU =actual capillary EU by ELISA
%Cp = CpEU as % of SerEU for each individual organism
%CpTot = CpEU as % of SerEU for all organisms combined
AdjCp = SerEU x %Cp
AdjCpTot =SerEU x %CpTot___
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antibody titer to each bacterial species (SerEU) was multiplied by the percent capillary

reactivity for each individual organism relative to the serum reactivity to that organism

(%Cp) [AdjCp = SerEu x %Cp]. For example, for Aactinomy'cetemcomitans, the mean

serum antibody titer was 150.5 EU (SerEU = 150.5). For this same organism, capillary

antibody reactivity was found to be approximately 47% that of serum (%Cp = 0.47).

Therefore, the adjusted capillary titer (AdjCp) for Aactinomycetemcomitans was

calculated by the equation [SerEU x %Cp= AdjCp] or 150.5 x 0.47 = 70.7 EU. The

second method for calculating adjusted capillary titers involved multiplying the SerEu

and the percent capillary reactivity to all organisms relative to the serum reactivity to

all organisms (%CpTot) [AdjCpTot = SerEu x %CpTot]. When serum and capillary

reactivities to all organisms were compared, it was determined that the capillary titer

was 54.6% that of serum (%CpTot = 0.546). Thus, for Aactinomycetemcomitans,

AdjCpTot = 150.5 x 0.546; AdjCpTot = 82.2 EU.

Adjusted capillary titers (AdjCp and AdjCpTot) were then compared to the

capillary reactivity measured directly by ELISA (CpEU). Adjusted capillary titers

(AdjCp) based on the percent capillary ieactivity relative to serum activity for each

individual organism (%Cp) were very similar to measured capillary ELISA titers (CpEU),

with differences of+ 1.3-4.0 EU (2.9-9.0%). For example, the mean capillary reactivity

to Aactinomycetemcomitans as determined by ELISA was 68.7 EU (CpEU = 68.7).

This compares favorably to the AdjCP of 70.7 for this organism. When capillary titers

(AdjCpTot) were adjusted by the percent capillary reactivity relative to serum activity

for all organisms combined (%CpTot), the differences were somewhat greater (.-

3.9-13.5 EU or 19.7-27.1%). For Aactinomycetemcornitans, the AdjCpTot was 82.2 EU

compared to the ELISA capillary titer (CpEU) of 68.7 EU.

The relationships between the adjusted capillary antibody titers (AdjCp and

AdjCpTot) and the titers measured by ELISA (CpEU) were analyzed by the Wilcoxon

Paired Ranks Test (Table 9). There were no statistically significant differences in values

adjusted by %Cp or %CpTot and those values derived from the ELISA. That is, AdjCp

and AdjCpTot values were riot significantly different from CpEU values.

The dot-blot assay was designed such that only a single dilution of capillary
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WILCOXON PAIRED RANKS TEST
COMPARISON of PAIRED VALUES

a BAll
Aa Bg Bi Organisms

N (pairs) 32 32 32 96CpEU:AdjCpp< 0.649 0.743 0.715
CpEU:AdjCpTot

p < 0.339 0.783 0.415 0.494
No statistical differences between capillary antibody titers as measured

by ELISA and capillary reactivities adjusted by %Cp and %CpTot
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blood would be needed. This allowed a single blood-contaning strip to be placed over

all three antigen "dots". While the assay utilizes experimental capillary blood, the

positive and negative controls are sera. It has been demonstrated that capillary

antibody reactivity is, on average, only 54.6% (%CpTot) that of serum at the same

dilution. Therefore, use of identical dilutions of serum and capillary blood in the assay

would result in underestimation of capillary reactivity since a direct comparison is

made between experimental capillary blood and control sera on the same

nitrocellulose sheet. Thus, it was necessary to alter the dilution of either the serum or

the capillary blood.

As shown in Tables 8 and 9, adjustment of the capillary antibody titers to

account for the lower reactivity in capillary blood resulted in values not significantly

different from values measured by ELISA. Previously, a 1:50 serum dilution had been

shown to provide the most accurate and readable results in the dot-blot assay. Thus,

a 1:50 dilution of positive and negative control sera was chosen.

Based on the overall percent reactivity in capillary blood versus serum (%CpTot

= 54.6%), a capillary dilution of 1:27 would have provided approximately the same

antibody titer as a 1:50 serum dilution. As noted previously, the serum dilution did

not appear to* ! the critical factor influencing the accuracy of the assay; rather, the

concentration of antigen was primarily responsible for the accurate identification and

differentiation of positive and negative results. In order to simplify the procedure, it

was decided to utilize a capillary blood dilution of 1:25. Presumably, this would

provide roughly equivalent antibody levels in serum and capillary blood samples from

any given patient.

In order to assess the similarity between serum antibody titers at 1:50 dilution

and capillary titers at 1:25 dilution, the mean SerEU values were divided by a factor of

2 to produce adjusted capillary EU values (AdjCpEU). The AdjCpEU figures were then

compared to the actual capillary titers (CpEU). Results are presented in Table 10.

While the AdjCpEU values were higher than CpEU for Aactinomycetemcomitans and

B.intermedius, the opposite occurred for B.gingivalis. Overall, when antibody titers to
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TABLE 10
USE of EXPERIMENTAL CAPILLARY BLOOD at 1:25 DILUTION

VS.
CONTROL SERA at 1:50 DILUTION

All
Aa Bg Bi Organisms

SerEU 150.5 19.3 111.4 93.7
CpEU 68.7 14.4 50.4 44.5

AdjCpEU 75.3 9.7 55.7 46.9

AdjCpEU derived by dividing SerEU by 2
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all organisms were combined, the CpEU and AdjCpEU values were quite similar (44.5

and 46.8 respectively). Thus, doubling the dilution factor for the control sera to 1:50

would theoretically provide similar titers to capillary blood at a dilution of 1:25.

D. Use of Dot-blot Assay in Screening of Periodontal Patients

The dot-blot assay and ELISA were used to evaluate 34 patients with various

forms of periodontal disease. A 1:25 dilution of capillary blood and a 1:50 dilution of

control sera were used. Color changes on the nitrocellulose sheets were read in a

blind fashion by an investigator unaware of the ELISA-results (Plates 4 & 5). Qualitative

dot-blot results were then compared to quantitative ELISA data for each organism and

each subject (Table 11). The ability of the dot-blot assay to distinguish positive from

negative responders was assessed. Contingency tables were designed to analyze the

sensitivity and specificity of the dot-blot assay relative to the ELISA "gold tandard"

(Table 12).

Sensitivity values (Table 12) were 0.83 for Aactinomycetemcomitans and 1.00 for

.B.gingivalis and B.intermedius. That is, 100% of subJects with elevated ELISA titers to

the Bacteroides species and 83% of those with elevated antibody to

Aactinomycetemcomitans demonstrated a positive response to these organisms by

dot-blot. Specificity values for Aactinomycetemcomitans and B.gingivalis were 0.82,

while the dot-blot showed a specificity of 0.86 for antibody to B.intermedius. Thus,

82% and 86% of subjects with normal ELISA titers to these organisms displayed

negative dot-blot responses.

Data for responses to all organisms in all subjects were then grouped into a

single contingency table (Table 12; last contingency table.). From a total of 37 elevated

ELISA titers, 35 were positive by the dot-blot assay (sensitivity = 0.95). Likewise, of 65

normal ELISA titers, 54 were negative by dot-blot (specificity = 0.83).

Coniingency tablesfor each .. InVda organism were analyzed using Fisher's

Exact Test to determine the significance of the relationship between dot-blot and ELISA

values (Table 12). Levels of significance were: Aactinomycetemcomitans p=0.00036,

B.gingivalis p<0.00001, and B.intermedius p<0.00001. Tha contingency table for

data from all organisms combined was examined by Chi-square analysis, with



PLATE 4.
Use of dot-blot assay for periodontally diseased subjects. Whole capillary blood at a 1:25

dilution is compared to control sera at a 1:50 dilution. Relative to positive and negative

controls, subject #2 has positive responses to Bg and Bi, while subject #3 is positive to Aa

and Bg. The response to Aa for subject #2 was considered "weakly" positive relative to the

positive and negative controls for Aa.
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PLATE 5.

Use of dot-blot assay for periodontally diseased subjects. Whole capillary blood at a 1:25

dilution is compared to control sera at a 1:50 dilution. Relative to positive and negative

controls, subject #22 has positive responses to all three organisms, while subject #23 is

positive to Bi. Subject #24 has elevated responses to Bg and Bi.
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TABLE 11

DOT-BlOT ASSAY vs. ELISA for 34 PERIODONTALIY
DISEASED SUBJECTS

, Aa Bi

Pt No. ELISA DB ELISA DE ELISA DB

1 339 + 17 67
2 7 - 30 + 262 +
3 56 - 45 + 53 +
4 129 + 13 - 421 +
5 16 - 8 - 81
6 22 + 12 + 146 +
7 15 - 40 + 64 +
8 154 - 8 + 26 -

9 420 + 18 + 258 +
10 57 + 7 - 31 -

11 422 + 5 - 125 +
12 9 - 3 - 38
13 28 3 -. 60 -
14 150 + 68 + 142 +
15 35 35 .+ 18 -
16 89 + 7 + 142 +
17 48 3 - 86 -
18 570 + 2 - 90 +
19 22 73 + 59 -
20 13 1 - 20 -
21 63 4 - 21 -

22 228 + 37 + 160 +
23 61 - 3 - 80 -
24 30 - 21 + 98 -
25 64 - 3 - 69 -

26 12 - 1 186 +
27 423 + 36 + 138 +
28 199 - 2 - 9 -
29 91 + 8 169 +
30 59 - 2 27 -
31 96 - 49 + 187 +
32 978 + 73 + 79 -

33 136 + 20 + 270 +
34 49 0 106 -

Note: ELISA titers which delineate elevated response from
normal response are: Aa = 100 EU

Bg'= 20 EU
= 125 EU

4



TABLE 12 85

CONTINGENC' TABLE S for 34 PERODONTA'LLY DISEASED SUBJECTS

Aa (_ 100 EU) ELISA
+

DB + 10 4
- 2 18

Sens = 0.83
Spec = 0.82
p = 0.00036

Bg ( 20 EU) EUSA
+

DB + 12 4
* 0 18

Sens = 1.00
Spec = 0.82
p< 0.00001

Bi (. 125 EU) EUSA

DB + 3

Sens = 1.00
Spec = 0.86
p< 0.00001

Total sens/spec EUSA

DB + 13

Sens = 0.95
Spec = 0.83
p 0.000001

Fisher's Exact Test for Aa, Bg, Bi
Chi-square analysis for Total sens/spec



86

p<O.O00001. Thus, the results from the dot-blot zsay and those from the ELISA

demonstrated a highly statistically significant relationship for capillary blood. These

data demonstrate that the dot-blot assay very closely reflected the systemic antibody

reactivity of the subjects as determined by ELISA.

E. Screening of Periodontally Healthy Subjects

Serum and capillary blood samples were obtained from ten periodontally health

subjects. Serum antibody titers to the three organisms were determined by ELISA.

Capillary blood samples were then analyzed by dot-blot assay. Results were

compared as described above for each subject (Table 13). For this group of

periodontally normal patients, the dot-blot assay displayed an overall sensitivity of 0.80

and a specificity of 0.96 (Table 14). Surprisingly, 3/10 healthy subjects had elevated

antibody to B.gingivafis by both ELISA and dot-blot.

F. Use of ELISA to Distinguish Periodontally Healthy and Diseased Subjects

The literature is replete with studies demonstrating the prevalence of increased

antibody to putativeperiodontopathogens in patients with periodontal disease. The

dot-blot assay and the ELISA were examined for their ability to correctly identify

periodontally healthy and diseased patients (Table 15 and 16).

In this context, sensitivity is defined as the number of diseased subjects with a

positive ELISA or dot-blot result divided by the total number of diseased subjects.

Specificity is the number of periodontally healthy subjects with a negative test result

divided by the total number of healthy subje~tS. The positive predictive value, or
predictive value of a positive test, is the number of positive tests in diseased subjects

divided by the-total number of positive tests. The negative predictive value or
predictive value of a negative test is defined as the number of ne.]ative tests in healthy

subjects divided by the total '.umber of negative tests.
An elevated ELISA titer to B.interrnedius vas predictive of a diseased-status in

13/34 patients (sensitivity = 0.38), while elevated titers to B.gingivalis or

Aactinomycetemcomitans were predictive of disease in 12/34 instances



TABLE 13
DOT-BLOT ASSAY vs. ELISA for 10 ,'ErOO-T, LLYHEALTHYSUB-ECTS

Aa Bg Bi

Pt No. ELISA DB ELtSA DB ELISA DB
1 47 3 - 33
2 95 - 36 + 137 -

3 81 + 41 + 19 -

4 33 - 2 - 52 -

5 56 2 - 34 -

6 67 - 3 - 134 +
7 75 - 4 - 46 -

8 65 - 41 + 37 -

9 45 - 4 - 50 -

10 17 - 9 - 21 -

Note: ELISA titers which delineate elevated response from
normal response are: Aa = 100 EU

Bg= 20 EU
B= 125 EU



TABLE 14 8$

CONTINGENCY TABLES for 10 PERiODONTALLY H-ALTHY SUBJEFTS

Aa (> 100 EU) ELISA

DB + o 1
9

Sens = none elevated by ELISA
Spec = 0.90

Bg (. 20 EU) ELISA
+ -

DB + 3 0
L 0 7

Sens = 1.00
Spec = 1.00

Bi (>. 125 EU) ELISA

DB +

Sens = 0.50
Spec = 1.00

Total sens/spec EUSA
+

DB + 1
1 24

Sens = 0.80
Spec = 0.96



TABLE 15
CONTINGENCY TABLES EXAMINING ABILITY of ELISA

to DELINEATE PERIODONTAL STATUS

Aa ( 100 EU) PERIC)DOkTAL
DISEASE+

DB + 121 0

Sens = 0.35
Spec = 1.00
Pv(+)= 1.00
Pv(-) = 0.31

Bg ( 20 EU) PERIODONTAL
DISEASE+

DB + 12 3
- 22 7

Sens = 0.35
Spec -0.70
Pv(+)= 0.80
Pv(-) = 0.24

Bi (. 125 EU) PERIODONTAL
DISEASE

DB +__2

- 21 8

Sens = 0.38
Spec = 0.80
Pv(+)= 0.87
Pv(-) = 0.28

Total sens/spec PERIODONTAL
DISEASE

DB + 4
- 11

Sens = 0.68
Spec = 0.60
Pv(+) = 0.85
Pv(-) = 0.35



TABLE 16
CONTiNGENCY TABLES EXAMINING ABILITY of DOT-BLOT ASSAY

to DELINEATE PERIODONTAL STATUS

Aa (_ 100 EU) PERIODONTAL
DISEASE
+ "

DB + 14
- 20 9

Sens = 0.41
Spec = 0.90
Pv(+)= 0.93
Pv(-) = 0.31

Bg (, 20 EU) PERIODONTAL
DISEASE

DB + 16

. 118 7

Sens = 0.47
Spec = 0.70
Pv(+)= 0.84
Pv(-)= 0.28

Bi (> 125 EU) PERIODONTAL
DISEASE+-

DB 16 1
18 9

Sens = 0.47
Spec = 0.90 °

Pv(+)= 0.94
Pv(-)= 0.33

Total sens/spec PERIODONTAL
DISEASE

DB. + 23 4
I 11 6

Sens = 0.68
Spec = 0.60
Pv(+)= 0.85
Pv(-)= 0.35
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(sensitivity = 0.35). Thus, 35% of subjects with periodontal disease had elevated

ELISA reactivity to B.gingivalis or Aactinomycetemcomitans, and 38% had elevated

titers to B.intermedius. Conversely, a normal ELISA titer to Aadinomycetemcomitans

was predictive of a periodontally healthy state in 10/10 subjects (specificity = 1.00).

Specificity values for B.intermedius and B.gingivalis were 0.80 and 0.70 respectively.

Therefore, 100% of periodontally healthy subjects had normal ELISA antibody titers to

Aactinomycetemcomitans. Eighty percent of healthy patients had normal titers'to

B.intermedius and 70% had normal reactivity to B.gingivalis.

The positive predictive values for Aactinomycetemcomitans, B.gingivalis, and

B.intermedius were 1.00, 0.80, and 0.87 respectively. Hence, 100% of subjects with

elevated ELISA titers to Aactinomycetemcomitans had periodontal disease, 80% of

those with elevated reactivity to B.gingivalis were diseased, and 87% of patients with

elevated ELISA titers to Bantermedius had periodontal disease.

The negative predictive values ranged from 0.24-0.31. Thus, only 24-31% of

,patients with normal ELISA titers to Aactinomycetemcomitans, B.gingiva!is, or

B.intermedius were periodontally healthy. Stated another way, 76% of patients with

normal ELISAtiters to these organisms wc -e actualiy periodontally diseased. The low

negative predictive values are to be expected, since this study population-was skewed

toward a high prevalence of disease. In addition, many patients with periodontal

disease hav6 normal titers to one or more of these organisms. In contrast, the high

positive predictive values for the ELISA indicate that subjects who demonstrated

elevated titers to one of these organisms had a strong chance of having periodontal

disease.

Finally, the overall ELISA response of edch subject to the entire panel of three

organisms was used as a predictor of-periodontal health or disease (Table 15; last

contingency table). Thus, an elevated ELISA titer to one or more of the organisms was

used to predit periodontal disease while a negative response to all three organisms

was used to predict a state of health. The overall sensitivity of the ELISA in this regard

was 0.68 (23/34). Accordingly, 23 of 34 periodontally diseased patients dmonstrated

an elevated ELISA response to one or more of the three organisms tested. Overall



specificity was 0.60; i.e., 6 of the 10 periodontally hcalthy subjects had a negative

response to all three organism by ELISA. The predictive value of a positive test was

0.85; hence, 23 of 27 subjects with an elevated ELISA to one or more organisms did

indeed have periodontal disease. The predictive value of a negative test was 0.35;

namely, only 6 of 17 subjects who demonstrated normal ELISA responses to all three

organisms were periodontally healthy.

Consequently, subjects who had elevated ELISA antibody titers to one or more of

the organisms had a high probability of also having some form of periodontal disease

(high positive predictive value), while the mere absence of an elevated response did

not necessarily indicate a state of periodontal health (low negative predictive value).

Contingency tables were analyzed by Fisher's Exact Test and Chi-square analysis to

assess the relationship between the presence or absence of elevated antibody titers to

the organisms as determined by ELILA and the presence or absence of periodontal

disease (Table 17). There was a statistically significant relationship between presence

or absence of elevated titer to Aactinomycetemcoritans and presence or absence of

disease (p =0.026). For B.gingivalis and B.intermedius, this relationship did not reach a

level of statistical significance (p=0.536 and p=0 .2 50 respectively). By Chi-square

analysis, the overall ELISA response of the subjects to the entin epanel of three

organisms as an indicator of the presence or absence of disease did not reach

significance (p = 0.114).

G. Use of Dot-blot to Distinguish PeriodontallyI-lealthy and Diseased

Subjects

Like the ELISA,-the dot-blot assay-was analyzed for its ability to predict a state of

periodontal health or disease (Table 16). The sensitivity of the dot-blot assay in

identifying a diseased state by z positive reaction to a single organism ranged from

0.41- 0.47. Thus, 41% of periodontally diseased subjects had a positive dot-blot

response to Aactinomycetemcomitans, 47% were positive to B.gingivalis, and 47%

were positive to B.intermedius. Specificity ranged from 0.70-0.90. Seventy percent of
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periodontally healthy subjects had a negative dot-blot response to B.gingivalis, while

90% were r.egative to B.intermed.us and Aactinomycetemcomitans.
The positive predictve value for Aactinomycetemcomians, B.gingivalis, and

B.intermedius were 0.93, 0.84, and 0.94 respectively. Consequently, 93% of subjects

with a positive dot-blot response to Aactinomycetemcomitans had periodontal

disease, while 84% of those with positive reactions to B.gingivalis and 94% with

positive responses to B.intermedius were diseased. The negative predictive values

-ranged from 0.28-0.33.

When the overall dot-blot response to the panel of three organisms was used as
a predictor of periodontal status, the dot-blot assay was found to have a sensitivity,

specificity, positive predictive value, and negative predictive value identical to the ELISA
(Table 16; last contingency table). Thus, the dot-blot assay and ELISA possessed equal

capabilities in identifying periodontally diseased and healthy subje ts using this panel

of three organisms.

Contingency tables for the dot-blot assay were examined by Fisher's Exact lest

and Chi-squareanalysis in an identical manner to analysis of ELISA responses (Table

17). The relationships between positive r; negative dot-blot responses to

Aactinomycetemcomitans or B.gingivalis and the presence or absence of periodontal

disease were not statistically significant (p=0.068 and p= 0 .279 respectively). Positive

oi negative dot-blot responses to B.intermedi'js were significantly related to presence

or absence of disease (p =0.035). By Chi-square analysis, the overall dot-blot response

of the subjects to the panel of three organisms was not significantly related to the

presence or absence of periodontal disease (p =0.114).

Thus, in this population of subjects, an elevated response to one or more of the
organisms was indicative of disease in 85% of the individual: (positive predictive value

=0.85). In addition, 68% of all periodontally diseased subjects were identified by a

positive response to the test. A negative response to all organisms was indicative of
periodontal health in only 35% of subjects (negative predictive value =0.35). These
results are presented in the last contingency table displayed in Tables 15 and 1G. Due



TABLE -17 
9

STATISTCI.A[ ANALYSIS of AIITY of EI!SA and DOT-BLOT ASNSAY
to DELINEATE PERIODONTAL STATUS

All
Aa Bg Bi Organisms

N 44 44 44 44
ELISA p< 0.026 0.536 0.250 0.1714

Dot-blot p< 0.068 0.279 0.036 0.114
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to the relatively small sample of periodintally healthy subjects and the resulting low

negative predicitive values, these data regarding the ability of the dot-blot assay or

ELISA to delineate periodontal status did not reach a level of statistical significance.
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IV. DISCUSSION
Peripheral capillary blood is used for a variety of laboratory tests. However, its use

in determining elevated antibod) to periodontopathic organisms has not been previously
reported. Recently, two authors reported the use of blood collected by finger-stick to

assess antibody titers to B.gingivalis in patients with periodontal disease (Mouton et a!.

1987, Murray et a/. 1989). After blood collection, the samples were cent ifuged to

separate the serum. All assays for antibody to B.gingivalis were then performed using this
serum. The current research utilized whole capillary blood, thus simplifying the

technique and reducing time and cost for sample preparation. The correlation between

serum and capillary titers was found to be highly significant.

Of course, the presence of other blood elements would be expected to reduce the
antibody reactivity in a given volume of capillary blood. Indeed, the reactivity in peripheral

capillary blood was found to be consistently less than that in serum from the same

patient. The mean capillary titer to Aactinomycetemcomitans was 47% of the-mean

serum titer to this organism. Capillary reactivity to B.gingivalis and B.intermedius averaged
68 and 48.8% of the serum titers respectively. Overall, the mean capillary reactivity v is

54.6% that of serum.

The hematocrit is a measure of the number and size of cells present in the blood.

The normal hematocrit for females is 40-45% and for males is 45-50%. Thus, a given

blood sample consists of 40-50% cells. One would therefore expect that, for a given

patient, the antibody reactivity in a sample of whole peripheral capillary blood would bt

approximately 50-60% that of an equal volume of serum. While there was variation in the

percentage of capillary reactivity relative to serum reactivity among the subjects in this
study, the mean capillary reactivity of 54.6% is in the range expected based on the use of
whole blood samples. In order to compensate for the difference in reactivities, the
J0-u-ot assay used poitive t r .nd , ,atv -,fntr. sera at a 1:50 diluti n to compar tk

the experimental capillary blood samples at a dilution of 1:25.
The use-of whole ,apillary blood ratiier than serum introduces the po-sibility of

error in sample collection. Some laboratories recommend against the use of finger-stick

blood for red and white cell counts due to difficulty it, standardizing capillary blood flow.
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Furthermore, squeezing the finger to obtain blood will alter the composition of the blood

specirrTn. Capillary blood obtained from an inadequate digi-pui Aure wound may yield

lower cell counts than those obtained from venous blood due to dilution of the specimen

with tissue fluid when the puncture site is squeezed (Bauer 1982). This may account for

some of the variability in capillary antibody titers relative to serum titers in some of the

subjects. Every effort was made during specimen collection to produce an adequate

puncture wound which allowed a free flow of blood. Infrequently, a second puncture was

necessary to obtain an adequate sample volume. In order to have a specimen volume

adequate for several experiments, 6tl of capillary blood was collected from each subject.

Since only 3CcVI of capillary blood at a 1:25 dilution was needed to adequately saturate

the filter paper strips, a specimen of only 12il in volume would be necessary for a single

test. This should not require more than one finger- stick.

In developing the dot-blot assay, it was found that several steps were critical in

securing accurate arid readable results. Other steps allowed wider latitude without

significant effect on the results. Antigen concentration was quite important. Excessive

dilution of the organisms yielded numerous false negative results while inadequate

dilution produced false positives. C'nversely, dilution of the capillary blood samples was

less critical, with minor alterations in dilution having little effect on distinction between

positive and negative reactions in the dot-blot assay. When the paper strips containing

capillary blood were placed over the antigen dots on the nitrocellulose, it was critical that

all air be removed from between the strips and the nitrocellulose. Trapped air prohibited

incubation of the antibody-containing fluid with the antigen dots, resulting in a lack of

color change in part or all of the dot. The substrate reaction time was also very important.

Reaction times of greater than three minutes resulted in heavy non-specific staining of the

nitrocellulose and made results difficult, if not impossible to read. Incubation time of

under two minutes produced numerous false negatives.

Positive control sera were selected which produced a strong color change in the

dot-blot assay. Negative control sera were specifically chosen based upon their low, yet

still visible reactivity. A negative control serum with no visible reactivity would zause even

the weakest color change from an experimental sample to be deemed a positive reaction,
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even though the antibody level was well within the normal range. While many of the

reactions in the dot-blot assay were obviously positive or negative, there were many dots

which fell between the positive and negative controls. When the ELISA titers for these

dots were analyzed, they were generally found to be close to the "cut-off' points for

assessing elevated versus normal reactivity for that organism. That is, weakly positive or

negative results in the dot-blot assay were usually associated with weakly positive or

negative ELISA results.

Each nitrocellulose sheet had five to ten experimental blood samples plus a positive

and negative control. Due to the difficulty in reading the dots with color intensity

between that of positive and negative controls, it vas critical that each dot be compared

only with the positive and negative control on the same nitrocellulose sheet. Thus,

inherent variabilities in experimental technique for a given nitrocellulose sheet would

affect all the dots to an equal degree.

Qualitative dot-blot results for the three organisms in 34 pbriodontally disease-

subjects were compared to the quantitative ELISA results for the respective organism and

subject. The sensitivity of the dot-blot assay relative to the ELISA was 0.95, with a false

negative rate of only 5%. Thus, 95% of positive ELISA results were also deemed positive

by dot-blot. The specificity of the dot-blot assay relative to the ELISA was 0.83, with a

false negative rate of 17%. That is, 17% of negative ELISA results were deemed positive by

the dot-blot. In general, when a dot had a degree of color change falling between the

positive and negative controls, the dot was assessed as positive. This maximized the

sensitivity of the test, yet produced several false positive results. Overall, the relationship

between the dot-blot and ELISA results was found to be highly statistically significant

(p<0.000001).

The dot-blot assay was designed as a diagnostic test of a screening nature. As with

most tests of this type, the assay emphasizes identification of subjects with elevated

antibody titers so that these individuals might then be examined further from a clinical

and/or laboratory standpoint. Therefore, one is willing to accept a higher false positive

rate while seeking to identify the greatest number of patients with truly elevated antibody

titers. Thus, patients who have normal antibody titers may, on occasion, be identified by
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the dot-blot as having elevated reactivity. Further v, ork-up of the patient would reveal

their true normality. However, it is unlikely that patients with truly elevated antibody

titers would have negative dot-blot results.

In assessing the sensitivity and specificity of the dot-blot assay relative to its ability to

identify elevated antibody titers to Aactinomycetemcomitans, B.gingivalis, and

B.intermedius, the ELISA was used as the "gold standard". Unfortunately, the EL;SA is not

a perfect assay and does not always provide precise quantitative data. Ebersole et.al

(1983) have demonstrated that antibody reactivity in replicate ELISA measurements may

deviate up to 12% from the mean titer. This has significant applicability to the dot-blot

results in the current study. If a given subject had a-weakly positive dot-blot reaction to

Aactinomycetemcomitans and an ELISA titer of 96-EU to that organism, the result would

be a false positive finding ("cut-off' for Aactinomycetemcomitans = 100 EU). However,

the ELISA titer may actually range from 84-108 EU (96 .+ 12 EU). Thus, this individual

may indeed have an elevated antibody titer to the organism, in which case the dot-blot

result would be correct.

Because the dot-blot assay provides qualitative data, it is more difficult to makes

concrete assessments of weakly positive or negative reactions. 14 he ELISA, on the other

hand, lends itself to more precise interpretation due to its quantitative nature. Thus, an

ELISA titer one or two EU above the "cut-off' point is deemed positive, while a titer several

EU below the "cut-off' is negative. It is much more difficult to decide whether a dot-blot

result in this "gray area" is truly positive or negative since such decisions are based on

visual assessments of qualitative color changes. In reality, both the ELISA and the dot-blot

are subject tovariability which may significantly affect the determination of elevated

versus normal titers in this weakly positive/negative range of reactivity. Furuya et at.

(1984) utilized a similar dot-blot assay and reported reactivity as both quantitative and

qualitative data. Qualitative results were established visually as in the current study.

Quantitative results were obtained by reading the colored dots spectrodensitometrically.

With presently available technology, such spectrodensitometric measurement. is

cumbersome and generally not applicable to e in a clinical setting.

The dot-blot assay developed in the current study was shown to strongly reflect the
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quantitative antibody titers determined by ELISA. In the past two decades, use of the

ELISA has become widespread. It has been applied extensively in the laboratory setting to

the study of systemic and local antibody responses to putative perio ontopathogens.

However, its use in the clinical setting is burdensome due to the cost of necessary

equipment and reagents. Furthermore, the assay requires two days to run and is not cost

efficient unless multiple patient sampies can be analyzed at the same time. The ELISA is

also somewhat technique sensitive and requires a trained individual to achieve accurate

and reproducible results.

The dot-blot assay reported here has several advantages over the EUSA. Sample

collection is simplified, requiring only a finger lancet and capillary tube. Laboratory

centrifuges are quite expensive, and even the microcentrifuges used to remove serum

from capillary blood samples cost several hundred dollars. With whole capillary blood,

centrifugation is not-necessary. The digi-puncture technique is also much easier than

venous blood collection. Due to a Iac' of accessible veins, venipuncture is a laborious

and exacting-task for many patients. It is rarely difficjlt, however, to obtain a small

capillary blood specimen from a finger-stick. For those patients with inaccessible veins,

-digi-puncture may significantly decrease the-discomfort of blood collection. Likewise, not

all clinicians are proficient in venipuncture; yet the finger-stick is easily mastered.

Use of the dot-blot assay greatly diminishes the equipment and reagent cost of

performing the test, making it more conducive to clinical use. In addition, the time

required to obtain results is dramatically reduced. The nitrocellulose sheets can be

prepared well before they are needed. Following incubation with the antigens and

blocking of non-specific-reaction sites, the nitrocellulose can be dried and stored for later

use. After the capillary blood specimen has been collected and diluted, the time required

to perform the assay is just over two hours, rather than two days for the ELISA.

Incubation-of the antigens dots with capillary blood requires 60 minutes. This is followed

by 15 minutes of washing. The peroxidase-conjugated anti-human IgG is then incubated

for 30 minutes followed by another 15 minute wash. The nitrocellulose is then placed in

substrate for 2 minutes, after which the results can be read.

The dot-blot assay can be performed for a single patient sample if desired, or the
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capillary blood specimens can be stored in a freezer until multiple samples are run. Thus,

if several subjects were tested on a single day, the assay could be accomplished at the

end of the day. Conversely, if only a single patient were to be tested, results could be

determined just two hours after sample collection.

The dot-blot assay may have a wide variety of applications in the clinical

environment. Numerous studies have demonstrated elevation in antibody titers to one or

more specific organisms in different categories of periodontal disease. The clinical and

radiographic features of the periodontal diseases are often enough to make a diagnosis

based on commonly used criteria. However, determination of elevated antibody to

various organisms may provide a needed clue if diagnostic problems arise. The dot-blot

assay provides a rapid and inexpensive means of obtaining another-piece of the diagnostic

puzzle.

The assay might prove useful in determining a periodontal prognosis for a given

patient. Ranney et al. (1982) suggested a protective role for antibody to

Aactinomycetemcomitans in patients with juvenile periodontitis. The presence of

systemic antibody to the organism was inversely related to the severity of periodontal

destruction. The number of peiodontally involved teeth was significantly lower for those

subjects with detectible antibody to Aactinomycetemcomitans than for those without

antibody. A patient presenting with clinical and radiographic features consistent with the

localized form of juvenile periodontitis might be tested for antibody to

Aactinomycetemcomitans using the-dot-blot assay. Absence of antibody to this organism

may suggest a potential for generalization of the periodontal destruction.

Ebersole et al. (1982b) categorized the antibody response patterns in patients with

various forms of periodontal disease. They then compared the risk of developing active

disease with the antibody categories of the subjects (Ebersole et al 1984a). Subjects with

elevated antibody to three or more of the gram-negative species tested (category VI)

responded poorly to periodontal therapy and continued to have significantly higher rates

of disease activity than all other subjects. This suggests that subjects with elevated

antibody to multiple putative periodontopathogens may have a less favorable prognosis

both before and after treatment, The dot-blot assay may be useful in identifying patients



102

with such antibody responses and may suggest modification of treatment regimens to

provide more aggressive therapy. In addition, the patient could be informed of the less

than favorable prognosis at the outset of treatment.

Dot-blot and ELISA data from 34 periodontally diseased and 10 periodontally normal

subjects were examined for their ability to predict the periodontal status of the subjects,

i.e., "diseased" or "healthy". Using the panel of three organisms, the overall sensitivity of

both the ELISA and the dot-blot was 0.68. Thus, 68% of periodontally diseased subjects

had an elevated response to one or more of the three organisms. The overall specificity

was 0.60; 60% of periodontally healthy subjects had a negative response to all three

organisms. The relatively low specificity was related primarily to the presence of elevated

antibody to B.gingivalis in 3/10 periodontally healthy subjects. One of these individuals

was a third year-dental student while another was a dental hygienist. It is possible that

occupational inoculation of these individuals resulted in production of antibody to

B.gingivalis in the absence of periodontal destruction. Ebersole et at. (1982b) determined

that up to 15% of periodontally healthy individuals possess elevated antibody to one or

more organisms associated with periodontal disease. Only 1/10 healthy subjects in the

current study had elevated antibody to Aactinomycetemcomitans or B.intermedius by

dot-blot. This compares favorably with the 15% incidence of elevated antibody in healthy

patients reported by Ebersole. The 10% incidence of antibody to

Aactinomycetemcomitans in the current study also correlates well with the 10%
incidence of infection with this organism in periodontally normal subjects (Zambon et al.

1983a).

No attempt was made in this study to delineate the type of periodontal disease

diagnosed in the 34 diseased subjects. It is likely that the sensitivity and specificity of the

ELISA and dot-blot relative to disease status would be improved by focusing on specific

periodontal diagnoses. For instance, 14/34 periodontally diseased subjects had an

elevated dot-blot response to Aactinomycetemcomitans (sensitivity = 0.41). Elevated

antibody to A.actinomycetemcomitans is-common in UP, but much less common in other

forms of disease. Genco et al. (1985) used ELISA to demonstrate that 71% of LiP subjects

had elevated antibody reactivity to this organism. The greater frequency in the report by
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Genco et al. is directly related to the fact that a subject population was chosen which had

a high probability of possessing elevated antibody to a single target organism. In the

current study, the subjects represented a broad range of periodontal diagnoses.

Dot-blot responses to each of the three individual organisms were analyzed for their

ability to identify the periodontal status of the subjects. The low sensitivity (0.11-0.47) of

each individual organirm is expected because periodontally diseased subjects may not

have elevated antibody to that particular organism. If Aactinomycetemcomitans was the

only organism tested, only 41% of diseased subjects would have a positive dot-blot

response. However, when the panel was expanded to include three organisms, the

sensitivity increased to 0.68. Thus, 68% of diseased patients had a positive response to

one or more of the organisms on the panel.

It is highly probable that inclusion of additional periodontopathic organisms in the

panel would improve the predictive capacity of the dot-blot test. Using the EUSA,

Ebersole et al. (1985) found that 96% of subjects with various forms of periodontal disease

had elevated ELISA antibody titers to one or more of a panel of 18 organisms. The panel

of organisms for the dot-blot assay was recently expanded to include six organisms, the

three previously used plus E.corrodens, W.recta, and F.nucieatum. Of 57 periodontally

diseased subjects, 52 had a positive response to one or more of the organisms (Ebersole,

personal communicatioh of unpublished data). Thus, increasing the number of organisms

on the panel improved the detection of diseased individuals.

When evaluating the predictive capabilities of any diagnostic test, two of the most

imporiant statistics are the positive and negative predictive values of the test. When the

dot-blot assay is used to delineate diseased from healthy individuals, the positive

predictive value answers the question, "How many of the patients with a positive dot-blot

result will actually be periodontally diseased?" The negative predictive value describes

the-number of-subjectswith a negative.dot-blot result who are truly periodontally healthy.,

Using Aactinomycetemcomitans, B.gingivalis, and B.intermedius as test organisms, 85% of

subjects in this study population with a positive dot-blot response to one or more than

one of the organisms were found to be periodontally diseased. Consequently, the

dot-blot assay was able to predict with an accuracy of 85% that an individual subject was
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periodontally diseased using three bacteria. Using thes.: same organisms, only 35% of

subjects with i: negative dot-blot response to all three oi 3nisms on the panel were

periodontally healthy. This low negative predictive value is expected since many

peiiodontally diseased individuals have normal antibody titers to these three organisms.

More importantly, this study population was heavily skewed toward disease.

The positive and negative predictive values of any diagnostic test are highly

dependent upon the prevalence of the disease in question (Griner et al. 1981). In general,

as the prevalence of disease in the population increases, the predictive value of a positive

test increases, while the predictive value of a negative test decreases. In the current

study, the prevalence of disease was 77.3% (34/44); likewise, the positive predictive value

was quite high at 85%. The negative predictive value was low at only 35%. Obviously,

the prevalence of disease in this study sample does not necessarily reflect the prevalence

of periodontal disease in larger populations. Therefore, no conclusions can be drawn as to

'the value of systemic antibody determinations via the dot-blot or ELISA relative to

detection of a periodontally diseased state in populations other than that currently under

study.

The purpose of analyzing the ability of the dot-blot assay to delineate periodontal

status was not to suggest that this assay be used to identify patients with overt

periodontal disease. Identification of a periodontally diseased state is best done by

combinations of clinical and radiographic instrumentation. There is no need or desire to

replace these diagnostic tools, as they are readily available and relatively easy to use.

While the-dot-blot assay may not be needed to identify periodontitis in those patient

populations who already manifest-the disease, all patients with periodontal disease were

periodontally healthy at some stage of life. The dot-blot assay may be useful in-identifying

individuals who are clinically normal at present, but may be at risk of developing

periodontal disease in the future. Zambon et al. (1983a) proposed that transmission of

Aactinomycetemcomitans may-be responsible, in part, for the familial pattern of LjP. They

suggested that determination of systemic antibody to this organism may help identify

family members at risk for developing the disease. Genco et al. (1985) found elevated

antibody to Aactinomycelemcomitans in non-diseased siblings of LJP patients and
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proposed that elevated antibod)' responses to the organism may precede clinical signs of

LP in these individuals. For those subjects who are potentially at risk for disease

development, use of the dot-blot assay in the clinical arena may suggest more frequent

and detailed examination is required, and may lead to early intervention.

The initial change from a state of periodontal health to one of disease may also be

indistinct. Early disease may present as 4-5mm probing depths with minimal radiographic

bone loss. There .s .ignificant inter- and intra-examiner variation both in probing force

(Freed et a. 1983) and in probing depth measurements (Aeppli et al. 1985), and the initial

change from health to disease may not be accurately assessed by multiple examiners.

When patients present with clinical signs of suspected early periodontal involvement, the

dot-olot assay-may be useful in assessing the patients' risk for disease and is an adjunct in

confirming the tentative diagnosis.
Future research should be directed-toward longitudinal monitoring-of clinically

normal subjects who demonstrate a positive dot-blot to one or more organisms (i.e., false

positives). It is possible that some of these "normal" patients will develop clinical signs of

disease several months or years after initizi examination. This may indicate the presence

of a subclinical periodonta! infection inthese subjects at initial presentation. It would be

interesting to analyze the eventuai fate of subjects who are deemed "at risk" by the

dot-blot assay but who show no evidence of disease at the time of evaluation.

It could be argued that the presence of elevated antibody to a given organism does

not necessarily indicate an existing infection with the same organism. Ebersole et a.

(1984a, 1987b) have demonstrated an 85% agreement between elevation of systemic

-antibody to a given organism and the intraoral colonization by the same bacteria.

Moreover, in those subjects with elevated antibody titer to a given organism, that

organism was-found in 55% of disease-active ,.Ates compared to only 18% of

disease-inactive sites. This suggests that elevation in systemic antibody to organisms

associated with the periodontal diseases generally indicates intraoral colonization by those

organisms. Similar research in a more controlled study revealed that 80% of subgingival

plaque samples from disease active sites possessed the same organism to which the

subject showed an elevated antibody titer, while only 20% of disease-inactive sites
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possessed the organism (Ebersole et al. 1987-).

Genco et al. (1985) examined the spedficity of the systemic antibody response in LJP

patients. Subjects infected with Aacinomyceemnomitans serotype a demonstrated a

specific elevation in antibody to only this serotype, while those infected with serotype b

had antibody only to serotype b. This supports the concept of a specific antibody

response which is reflective of oral colonization by a given organism.

The presence of -n elevated antibody response does not always correlate with the

concomitant presence of the homologous organism (Morinushi et a. 1989). There may

be several L.planations for this disparity. Most studies utilize subgingival plaque samples

from selected sites in the oral cavity. It is possible that, while the sampled sites may riot

har'bor the organism to which an elevated antibody response is seen, other unsampled

sites may. Particularly virulent organisms may stimulate a humoral immune response at

low levels, perhaps prohibiting successful detection of the organism with-currently

available techniques. Potentially pathogenic organisms may become prominent in the

subgingival plaque only in acute episodes, impeding their detection at stages between

these short intervals. Finally, reduction or elimination of an organism as a consequence of

therapy does-not result in an immediate reduction in systemic antibody titer. This may be

due to the time required for elimination of circulating antibodies and/or the maintenance

of an anamnestic response by undetectable levels of the organism/antigen remaining in

diseased or non-diseased sites. While the presence of antibody to a given organism does

iidt netessariyindicate - preence ,of-hat.nroanism in-dis-ased sites, it is a definite

indicator of past or present colonization by the orgahism at some site. A positive

response to one or more organisms in the dot-blot assay may encourage the clinician to

provide-more aggressive therardirected at detection, reduction, or elimination of those

organisms.

Aukhil-et a!. (1988) have suggested the analysis-of antibody titers while monitoring

patients in the-maintenance phase of treatment. Due tothe sensitive anamnestic

response, subjects who have mounted an antibody response to putative periodontopathic

orgnisms may exhibit a rapid rise in antibody titer should colonization with the same

,organism occur f.llowing therapy. The dot-blot assay may be useful in monitoring the
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systemic antibody patterns during maintenance. Positive dot-blot results during this

period ma/ suggest the need for further examination and treatment.

The dot-blot assay may thus be a valuable tool for a.;sessment and monitoring of

patients throughout therapy. It may be used to hdp iden'N, patients at risk for

developing periodontal disease. It may aid in determining Jie diagnosis and prognosis of

the disease process. Likewise, the assay may suggest treatment alterations and may help
monitor the results of therapy. In addition to its use in direct patient care, the dot-blot

assay may prove valuable for clinical or epidemiologic research. It is a relatively

inexpensive test and is simple to perform, thus reducing the time and cost involved in

laboratcry determination of antibody reactivity. The assay can be run with a single blood
sample or a large number of specimens, with minimal increase in the time required.

Simplification of the procedures virtually eliminates the need for highly trained laboratory
personnel. While several steps in the assay require attention to detail, it is well within the

ability of any clinician to perform the test.
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V. SUMMARY AND CONCLUSIONS
The determination of systemic antibody responses to putative periodontal pathogens

is a comm,n focus of research. Elevation in systemic antibody titer appears to represent a

specific immune response to colonization by these organisms. Assessments of antibody

responses have been performed as a means of identifying patients at risk for developing

disease, clarifying periodontal diagnoses, categorizing responses to periodontal therapy,

and altering the course of periodontal treatment.

Presentiy, determination of systemic antibody responses requires costly and

time-consuming laboratory analysis. This has limited the usefulness of antibody

assessment to the realm of research activities. The individual patient has received iittle

benefit from this research, except in a tangential fashion. The clinician may know that

certain antibody profiles are associated with specific diseases or that antibody analysis

may aid in treatment of the patient. However, the availability and rapidity of antibody

analysis is limited. Thus, most patients are never assessed regarding their antibody

responses to periodontitis-associated organisms. The dot-blot-assay greatly simplifies this

assessment. It was determined that accurate antibody determinations can be performed

using whole peripheral capillary blood. The qualitative results of the dot-blot assay

correlate strongly with the quantitative data obtained by ELISA, the "gold standard" of

antibody analysis. While the ELISA is a more precise method of determining antibody

reactivity, the dot-blot provides a method of evaluating patients in a short period of time

at relatively low cost. If dot-blot results suggest further study is indicated, patients can be

referred for quantitative laboratory analysis via ELISA.

This research was primarily directed at groundwork development of a rapid,

qualitative assay for determining antibody responses. As such, the technique is only in its

preliminary stages of ev-dution. -By addition of more organisms to the panel of antigens,

the test will become more meaningful and applicable to a wider range of uses. Although

two hours is a short time for achieving test results, alteration in reagents or reaction time.

may further shorten the interval from specimen collection to test completion. It is hoped

that this research will be further refined and simplified in order to expand its use.
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